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THE FLORAL ANATOMY OF COMBRETACEAE 


by J. VENKATESWARLU, F.N.I., and P. S. PRAKASA Rao, 
Department of Botany, Andhra University, Waltair 


(Received 18 December 1967; after revision 22 January 1969) 


Studies made on the floral anatomy of 20 species belonging to nine 
genera of the Combretacoae have shown that the occurrence of the different 

vascular strands are consistent with the varied number and nature of the 

individual floral parts. Thus the members of Laguncularieae have vascular 

traces for their bracteoles, sepals and petals; while those of the bracteoles and 

petals are single-traced, each of the five sepals have three traces. This is 

considered as the most primitive condition. In the Combreteae, character- 

ized by the presence of four or five perianth parts, the vascular strands 

originate in as many groups and are single-traced in each. On the other 

hand, those of the Terminalieae and Calycopterideae, being devoid of petals, 

do not show even the vestiges of the concerned vasculature. The penta- 

merous sepals, however, have a single trace in each. There is thus a sup- 

pression or reduction in the external organ as well as its trace suggestive of 4 
evolution towards simplicity. The varying numbers of carpellary dorsal 

bundles recorded in the styles of the different members are interpreted as 

indicating a reduction series in tho number of carpels constituting the re- 

spective ovaries morphologically recognized to bo unilocular. Thus the 

Laguncularieae, showing the maximum number of eight such bundles, are 

regarded as tho most primitive while Terminalieao, Calycopterideae and f 
Combreteae having two to five such bundles represent the derived conditions. 
Studies of the vasculature of the ovary wall revealed that the inferior ovary is 
of recoptacular nature. That the different members of tho family are sub- 
jected to retrogressivo evolution is also suggested by the probable double 
origin of the traces going into the antepetalous stamen which, however, 
appear as a single trace as they enter the organ. 


INTRODUCTION 


The Combretaceae, chiefly confined to tropics, comprises 18 genera with 
500 species (Lawrence 1951). It is recognized into two subfamilies: the 
Strephonematoideae, represented by the solitary genus, Strephonema, and the 
Combretoideae, comprising four tribes: the Combreteae, Terminalieae, Caly-. — 
copterideae and Laguncularieae (Exell 1931). Both bracteate and ebracteate 
flowers are met with in the Combreteae and Terminalieae while, in the other 
tribes, the ebracteate condition is absent. The perianth in the Combreteae is —— 
dichlamydeous and either tetramerous or pentamerous; the Terminalieae and — 
Calycopterideae though uniformly pentamerous are strictly apetalous; and the — 
Laguncularieae also have dichlamydeous and only pentamerous flowers jim d 
which are “bracteolate, a feature not shared by any of the rest. E 
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of the family, the exact number of the carpels is unknown. The only excep- 
tion is the fragmentary information available for Combretum ovalifolium 
(Saunders 1939) where two of the four carpels present are considered to be 
functional, the other two being suppressed. 

The present paper deals with the floral anatomy of 20 species belonging to 
nine genera spread over the four tribes of Combretoideae (Table I). The 
morphology of the ovary and the probable evolutionary trends within the 
family are considered in the light of the varied taxonomic features and the 
vasculature obtaining in the flowers of the investigated taxa. 


MATERIALS AND METHODS 
The different representatives investigated and included in this paper and 
the sources from which they are obtained are given in Table I. 
TABLE I 
l l — — OO DESEE 
Source from which obtained 
Species studied 


Collector Locality 
Tribe: Laguncularieae 
Lumnitzera racemosa Willd. Dr. P. V. B. Murty Visakhapatnam, India 
*L. littorea (Kack) Voigt. Dr. G. B. Ocampo Manila 
Tribe: Combreteae 
Combretum ovalifolium Roxb. Authors Visakhapatnam, India 
C. decandrum Roxb. Authors Simhachalam, India 
C. extensum Roxb. Authors D S 
C. grandiflorum G. Don. Dr. R. W. Read Florida, U.S.A. 
*C. apiculatum Dr. G. B. Ocampo Manila 
*C. punctatum Blume, spp. à 
squamosum (Roxb.) Exell. Dr. G. B. Ocampo Manila 
Guiera senegalensis Lam. Director, Forest 
Research Ibadan, Nigeria 
Quisqualis indica Linn. Authors Visakhapatnam, India 
Poivrea coccinea DM. Dr. L. L. Narayana Hyderabad, India 
Tribe: Terminalieae : 
Terminalia catappa Linn. Authors Visakhapatnam, India 
T. arjuna W. & A. Authors 5 a 
T. chebhula Retz. Authors 5 5 
*T. myriocarpa Heurck & 
Muell. z Dr. Ph. Guinet - Pondichery, India 
Bucida buceros Linn. Dr. R. W. Read Florida, U.S.A. -` 
Anogeissus latifolia Wall. Authors Visakhapatnam, India 
A. acuminata Wall. Authors D * 
Conocarpus erectus L. Dr. R. W. Read Florida, U.S.A. 
Tribe: Calycopterideae 3 
Calycopteris floribunda Lamk, Sri R. S. Rao Poona, India 


* Herbarium material. 
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The procedure detailed by Randolph (1936) was followed in the killing 
and preservation of the required flower buds and flowers. Materials of a few 
of the members investigated are derived from dried herbarium specimens 
and in such cases the methods followed were similar to those of Tillson 
and Bamford (1938). Customary methods of dehydration and infiltration 
(Johansen 1940) were followed. The serial transverse and longitudinal sec- 
tions were cut at 12 to 14 microns thickness. Delafield’s haematoxylin or a 
combination of safranin and fast green were used as the stains according to the 
methods described by Johansen (1940). 


OBSERVATIONS 
Laguncularieae 


External morphology: Lumnitzera is an evergreen littoral medium-sized 
tree bearing small, pedicellate, complete, bracteolate, regular, bisexual and 
epigynous flowers aggregated in axillary or terminal racemes. The calyx 
tube, produced well above the ovary, has at its top five persistent sepal lobes. 
The corolla is represented by five free oblong petals spreading outwards. 
The androecium of 10 stamens is biseriate and diplostamenous. The ovary is 
inferior and unilocular with four pendulous ovules. The style is hollow, 
subulate and ends in an inconspicuous stigmatic head. A nectariferous disc, 
rather sunken at the base of the style in the floral tube, is present. 

Vascular anatomy of the flower: The short pedicel shows a close ring of five 
discrete primary bundles constituting the main stele for the flower (Fig. 1). 
Slightly higher up, the first trace (Fig. 2) leaves the main stele of the pedicel 
and enters the lower of the two braceteoles in the form of three bundles (Fig. 3). 
Almost opposite to this a second trace of three bundles is cut off similarly 
and enters the other bracteole (Fig. 4). At about this region the five primary 
bundles, after giving off traces for the bracteoles, divide radially and give rise 
to a ring of 10 discrete vascular bundles (Figs. 5 and 13). ‘These traverse 
upwards and slightly above the level of the loculus, cut off branches inwards. 
The latter anastomose freely to form a contiguous ring of vasculature, now 
called the fibrovascular girdle (Fig. 7). The parent bundles remain discrete 
as a set of 10 traces. Five of these, somewhat higher up, constitute the sepal 
midrib-cum-stamen supply (Figs. 6, 15 and 16). Each of the other five 
represents a plexus which in due course supplies the antepetalous stamen, petal 
midrib and conjoint sepal lateral successively. 

Each of the five traces constituting the sepal midrib-cum-antesepalous 
stamen supply, first divide tangentially (Fig. 8). The inner five traces so 
differentiated from the antesepalous stamen supply while the outer form the 
midribs of the five sepals. At a level slightly below the second whorl of 
stamens the conjoint pluxii, referred to earlier, divide first tangentially and 
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Figs. 1-16. Floral anatomy of Laguncularieae. 1-12, transverse sections at successive 
heights of the flowers of Lumnitzera racemosa; 13-16, transverse sections at tho successive 
heights of the flowers of L. littorea; explanation in text. 1-3, x53; 4-12, x4; 12-16, x4. 


(BRL—bracteole; BRLT—bracteole trace; CDB—carpellary dorsal bundle; D—disc; G—' 


girdle of fibrovascular tissue; JB—inner bundles; Z—locule; OV—ovulo; PS—placental 
strand; P—petal trace; P,ST',SL—fused petal, stamen and conjoint sepal lateral trace; S, 
SL3—sepal laterals; S—sepal midrib; S,S7—fused sopal and stamen trace; ST Y—style; ViSD— 
vascular supply to disc). 
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then radially (Figs. 10 and 11). The inner group of five tangential bundles 
enter the antepetalous stamens. The outer set of the five bundles by similar 
tangential divisions form the petal midribs, while those formed radially are 
the conjoint sepal laterals (Fig. 11). By virtue of these divisions the sepals 
eventually have three traces, a midrib and two laterals, while the petals 
remain single-traced. 

From the girdle of the fibrovascular tissue, four conspicuous vascular 
bundles are demarcated on its lower side and constitute the placental strands 
for an equivalent number of ovules (Figs. 6 and 14). In contrast, from the 
upper part of the girdle, eight traces are differentiated and pass unbranched 
up the style to end blindly at the stigmatic region (Figs. 8, 12 and 14). 

The nectariferous disc receives its vascular supply from the main bundles 
as well as from the base of the sepal midrib-cum-antesepalous stamen supply. 
The dise therefore receives well-amplified vasculature of a heterogeneous 
nature (Fig. 105). 

Combreteae 

External morphology: The tribe comprises stragglers (Quisqualis indica), 
woody climbers (Combretum species and Poivrea) and shrubs (Guiera). The 
inflorescence is a short terminal or axillary spike in C. ovalifoliwm, C. 
decandrum, C. grandiflorum, C. extensum, C. apiculatum and C. punctatum, 
Poivrea coccinea and Quisqualis indica and an axillary globose head in Guiera 
senegalensis. The flowers are sessile, complete, regular, bisexual and epi- 
gynous. The calyx tube is cupuliform with five deltoid lobes in C. decandrum, 
C. extensum, C. grandiflorum, Poivrea coccinea, Quisqualis indica and Guiera 
senegalensis while in C. ovalifolium, C. punctatum and C. apiculatum it is only 
four-lobed. The corolla is isomerous with the calyx. The stamens are twice 
the number of calyx lobes and emerge in two whorls. The ovary is inferior 
and single-celled. The ovules are pendulous in all; they are five in Guiera 
senegalensis, four in Combretum grandiflorum and C. punctatum, three in 
Quisqualis indica, and only two in Poivrea coccinea and in the rest of the 
Combretum species studied. The ovary is surmounted in all the members by a 
distinct filiform hollow style ending in a simple stigma. 

A massive nectariferous disc is present in all the species of Combreteae 
studied now except in Combretum grandiflorum, Quisqualis indica and Poivrea 
coccinea. The disc is epigynous and adnate to the floral tube to varying 
extents. 

Vascular anatomy of the flower: In the Combreteae both pentamerous and 
tetramerous flowers are met with. At the lowermost region of the flower 
four (Figs. 17, 38 and 42) or five (Figs. 30, 33 and 52) discrete vascular bundles 
are present in a ring, their number corresponding to that of the perianth. 
Combretum decandrum, Guiera senegalensis and Poivrea coccinea show siphono- 
stele (Figs. 23, 46 and 58) to start with, which breaks up into discrete vascular 
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bundles somewhat later (Figs. 24, 47 and 59). As these bundles ascend, they 
assume peripheral positions along the ovary wall and give off a pair of branches 
traversing laterally inwards at about the top of the loculus (Figs. 18, 25, 34, 
54 and 61). At this region the four or five pairs of branches anastomose and 
form a girdle of fibrovaseular tissue, while the respective parent bundles 
continue upwards discretely (Figs. 18, 26, 34, 54 and 61). The latter constitute 
the compound foliar bundles (Figs. 20, 27, 31, 39, 44, 49, 55 and 62), their 
numbers strietly corresponding to the number of the perianth parts. Above 
the level of nectariferous dise when present and at a corresponding ‘level 
when absent, the four or five compound foliar bundles divide tangentially 
(Figs. 21, 28, 31, 35, 40, 45, 50 and 56). The resulting inner set of bundles 
supply the antesepalous stamens. At a level slightly below that of the inner 
whorl of stamens each of the outer set of bundles gives off two branches 
radially. Those originating from the adjacent bundles move laterally, meet 
midway and fuse to form the supply for the antepetalous stamens, tbe petal 
midrib and the conjoint sepal marginals successively (Figs. 22, 28, 32, 37, 
41, 45, 51, 57 and 63). The ultimate portions constitute the sepal supply and 
remain single-traced unlike in the Laguncularieae where the sepal has a midrib 
and two laterals. 

The fibrovascular tissue constituting the girdle differentiates similar to 
that described for Laguneularieae so that the carpellary dorsal bundles are 
formed upwards and the placental strands downwards (Figs. 19, 21, 25, 27, 
34, 40, 43, 48, 49, 53, 55, 60 and 62). While the carpellary dorsal bundles 
traversing up and around the hollow style end blindly in the region of the 
stigmatic head, the placental strands in each species correspond to the number 
of ovules in its ovary. The respective numbers of placental strands on the 
one hand and the carpellary dorsal bundles on the other in each of the studied 
species are given in Table II. 

There is thus an interesting variation between the carpellary dorsal bundles 
and the placental strands not only in the different taxa but also in their number 
which does not correspond within one and the same species. 


Terminalieae 
Fxternal morphology: The tribe embraces members which are shrubs (Cono- 
carpus) and trees (species of Terminalia, Anogeissus and Bucida). The in- 
florescence is a densely flowered axillary or terminal spike in all species studied, 
except in the species of Anogeissus and Conocarpus where it is a condensed 


Fras. 17-37. Floral anatomy of Combreteae. 17-22, Combretum ovalifolium; 23-28, C. 
decandrum; 29-32, C. extensum; 33-37, C. grandiflorum; explanation in text. 17, 22, x34; 
18-21, x03; 23-28, x03; 29, x 03; 30-32, x31; 33-34, x 3]; 35-37, x33. (CDB-—carpellary 
dorsal bundle; CF B—compound foliar bundle; D—dise; G—girdle of the fibrovascular tissue; 
PS—placental strand; P,ST',SM,,SM$—fused traces of petal stamen and sepal marginals; S— 
sopal midrib; SM1, SM$—sopal marginals; STH—stele; S,ST—sepal stamen trace; ST Y—style). 
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TABLE Il 
Number of Number of 
Species placental CONSE) 
strands dorsal 
bundles 


Guiera senegalensis 
Combretum punctatum .. 

C. grandiflorum 

C. ovalifolium 

C. decandrum 

C. extensum 

C. apiculatum 
Quisqualis indica 
Poivrea coccinea 


b2 Q5 t9 t2 t9 tO H- A Ct 
OO eR He HR OH HR OUR OX 


globose head. The flowers, are sessile, regular, incomplete, bisexual and 
epigynous. Calyx tube is pubescent and adnate to the ovary and produced 
well above it as a limb with its five lobes. Petals are absent. The stamens 
are 10 and two-seriate. The ovary is inferior and unilocular. The ovules 
are pendulous; there are three in Bucida buceros while in others of this tribe 
only two ovules occur in each loculus. The style is subulate and the stigma 
is punctiform. A massive nectariferous disc is present, in all the members, 
above the ovary fused with the calyx tube at its base. 
Vascular anatomy of the flower: At the base of the flower the stele consists of a 
ring of five discrete bundles in Terminalia arjuna, T. myriocarpa, Bucida 
buceros, Anogeissus latifolia, A. acuminata and Conocarpus erectus (Figs. 70, 
77, 81, 86, 90 and 95), and in Terminalia catappa and T. chebula the main stele 
is represented by a more or less complete ring of vascular tissue with xylem 
differentiating at five points (Figs. 64 and 73). A little higher up, this ring of 
vasculature breaks up into five discrete bundles (Figs. 65 and 74). . The main 
bundles traverse up to the upper part of the loculus. At this region, each of 
these bundles gives off a pair of horizontally running branches which anasto- 
mose to form the girdle of fibrovascular tissue (Figs. 66, 75, 78, 82 and 97). 
Above the level of the nectariferous dise (Figs. 68, 71, 80, 83, 88, 92 and 98) 
the five prominent bundles divide tangentially (Figs. 69, 71, 84, 88, 92, 93 and 
98). The inner set of bundles thus formed supply the antesepalous stamens. 
At the level of the second whorl of stamens each of the outer set of bundles 


Fias. 38-63. Floral anatomy of Combreteae (contd.). 38-41, Combretum apiculatum; 42— 
45, C. punctatum; 46-51, Quiera senegalensis; 52-57, Quisqualis indica; 58-63, Poivrea coccinea. 
38, x03; 37-41, x 5h; 42, X08; 43, X10; 44-45, x5}; 50-51, x8; 52-55, X0]; 56-57, X8; 
58-63, x5}. (A—anther; CDB—carpellary dorsal bundle; CFB—compound foliar bundle; 
D—dise; G—girdle of fibrovaseular tissue; PS—placental strand; P,ST,SM SM ,—fused 
trace of petal, stamen and sepal marginals; S,S7—sepal staminal trace; ST'Y—style). 
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divides to give off horizontal branches that meet midway between the cords 
and from each of the five points of junction a bundle originates which enters 
the alternisepalous stamen (Figs. 69, 72, 85, 89 and 94). Since petals are 
absent in these representatives the vascular scheme varies from that 
of the members of Combreteae in that there is no development of petal 
midrib bundle, but the horizontal lateral branch in each side becomes a mar- 
ginal vein of the neighbouring sepal. The ultimate portions of the vascular 
supply constitute the sepal midribs. Thus the five prominent bundles that 
traverse the epigynous region are compound foliar bundles, for, they supply 
the traces to the extra carpellary parts of the flower. 

From the girdle of the fibrovascular tissue formed higher up the locule, 
placental strands, corresponding to the number of ovules in the different 
members, differentiate and descend downwards into the locule (Figs. 66, 75, 
78, 87 and 96). These enter the apically placed pendulous ovules as the 
ovular supply, and are consumed in them. From the upper part of the girdle 
the traces ascend up the hollow style and end blindly at about the base of 
the stigma (Figs. 67, 71, 76, 79, 83, 91 and 98). The variation met with in 
the number of placental strands and the carpellary dorsal bundles having the 
origin from the fibrovascular tissue is given in Table III for the respective 
Species. 


TaBe III 
NÉ n f 
Number of pun 
Species lacental 
j s ; ard goral 
ra 
bundles 
Bucida buceros 3 4 
Terminalia catappa 2 2 
T. arjuna 2 4 
T. chebula 2 4 
T. myriocarpa 2 4 
Anogeissus latifolia 2 4 
A. acuminata 2 4 
Conocarpus erectus 2 2 
Calycopterideae x 


External morphology: The monotypic genus Calycopteris ha&-only one recog- 
nized species, C. floribunda, for the tribe. It is a diffuse scandant shrub 


Fras. 64-89. Floral anatomy of Terminalieae. 64-69, Terminalia catappa; 70-72, T. 
arjuna; 73-76, T. chebula; 77-80, TT. myriocarpa; 81-86, Bucida buceros; explanation in the 
text; 64-67, x 4; 68, 69, x 603; 70, x 02; 71, 72, x4; 73-75, X 53; 70, x 41; 77-80, X 51; 81-83, 
x03; 86-89, Anogeissus acuminata. 80, 87, x131; 88, 89, xS. (ODB—carpellary dorsal 
bundle; OFB—compound foliar bundle; D—diso; G—girdle of fibrovascular tissue; PS— 
placental strand; S,S7’—sepal stamen trace; S7#—stele; ST,S Mı, SMs—fused traco of stamen 
and sepal marginals; ST Y —style). 3 
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Fics. 90-104. Floral anatomy of Terminalieae and Calycopterideae. 90-94, Anogeissus 
_ latifolia; 95-98, Conocarpus erectus; 99-104, Calycopteris floribunda; explanation in the text. 
f: , 91, X83; 92-94, x8; 95-98, x8; 99, 100, x 10%; 101-104, x 16. (@DB—carpellary dorsal 
ndle; C#B--compound foliar bundle; D—dise; @—girdle of fibrovascular tissuo; Z—locule; 
ovulo; ST,SM,SMs—stamen and sopal marginal traces; S,S/T—sepal stamon traco; 
>S—placental strands). 
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with almost sessile, regular, incomplete, bisexual and epigynous flowers ag- 
gregated into dense terminal or axillary racemes. The calyx tube is five-lobed 
and persistent. Petals are absent. The stamens are ten and in two whorls of 
five each. The ovary is inferior and one locular with three ovules on apical or 
subapical placentae. The ovary is surmounted by a filiform style with simple 
stigma. A massive five-lobed dise is present above the ovary. 

Vascular anatomy of the flower: In the lowermost region of the flower the 
stele is represented by a ring of five bundles (Fig. 99). Higher up the bundles 
come to lie at the periphery of the ovary (Fig. 100) and behave in their upward 
course in a manner similar to that described for Combreteae (Figs. 101, 102, 103 
and 104). As the flowers are apetalous the petal traces are not differentiated 
(Figs. 103 and 104). However, both the carpellary dorsal bundles (Fig. 102) 
and the placental strands (Fig. 101) arising from the fibrovascular tissue 
are three in number which agrees with the three ovules in its ovary (Fig. 100). 

No vasculature is differentiated for the nectariferous dise (Fig. 108). 


DISCUSSION AND CONCLUSIONS 


The Combretaceae is characterized by the occurrence of an inferior and 
unilocular ovary in all the taxa. Although the number of ovules is varied in 
the different members they are pendulous without exception and hanging 
down into the loculus from the apical placentae. However, the members differ 
in other floral features outlined below. Among those examined by us, the 
flowers are bracteate in Combretum decandrum, C. extensum, C. grandiflorum, 
Poivrea coccinea, Terminalia chebula, Anogeissus latifolia, A. acuminata and 
Conocarpus erectus and ebracteate in the rest. Bracteoles are present only 
for the flowers of the two Lumnitzera species. Similarly Combretum ovali- 
folium, C. apiculatum and C. punctatum are tetramerous while the other 
species of the genus are pentamerous. The Terminalieae and Calycopterideae 
have pentamerous flowers, but are strictly apetalous unlike Combreteae and 
Laguncularieae. 

The present study on the floral anatomy of 20 species spread over the 
four tribes of Combretoideae has revealed uniformity in the basic pattern 
_ obtaining in the vasculature of the flowers (Figs. 105, 106, 107 and 108). At 
the same time such of those variations as observed in the vasculature are easily 
correlatable with the respective floral features. For example the bracteoles 
present in the Laguncularieae receive the normal supply of vascular strands 
from the main stelar bundles of the pedicel, while no such traces are met with 
in the ebracteolate flowers of the rest. Depending upon the number of sepals 
and petals, as many discrete bundles are encountered at the base of the flower. 
In the Calycopterideae and the Terminalieae petals are absent and traces for 
these organs are not differentiated. 
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A critical analysis of the variations both in the floral construction and its 
vasculature reveals some interesting features. The two bracteoles seen in 
Lumnitzera racemosa and L. littorea are considered to be morphologically 
adnate to the floral tube. Their traces likewise are found to be adnate to the 
bundles of the floral tube to corresponding degrees. In the other members 
devoid of bracteoles and bracts, not even the vestiges of such traces are evi- 

. dent, apparently indicating their suppression consequent on the non-develop- 
ment of these lateral appendages. In Lumnitzera racemosa and L. littorea 
each of the five sepals has three clearly discernible traces. Of the three 
traces, the midribs take their origin from the compound foliar bundles while 
the two lateral traces are derived from radial divisions of the conjoint pluxes. 
In the rest of the members studied the sepals are consistently single-traced, 
which originate from the compound foliar bundles analogous to the midrib of 
the Laguncularieae. Obviously the lateral traces of the Laguncularieae are 
suppressed in the rest of the tribes. On this basis Lumnitzera may be looked 
upon as the less specialized among the Combretoideae. Such a contention is 
also borne out in the observed amplification of the sepal supply by branching 
of the traces even before they enter the organ. 

Another interesting feature that emerges from the present study is that, 
in all the members, vascular strands are present to the extent the respective 
floral organs are externally differentiated, and in their absence not even the 
vestiges are evident. It has been shown that when organs are lost phylo- 
genetically no remnants of the same may be left externally or only the stubs 
of the vascular supply may persist and provide the proof of the former existence 
of such organs (Berridge 1914; Haber 1925; Fisher 1928; Eames 1929; Saunders 
1932; Hames and MacDaniels 1951). Such is not the case in the Combre- 
taceae. In other words, in the Combretaceae there is a total and simul- 

taneous loss of both the external organ as well as the concerned vascular 
traces. It is well recognized that even the rudiments of vasculature are not 
present in the organs lost comparatively ‘recently’. For example Moore 
(1936) could not observe the remnant vestigeal strands for Amorpha fruticosa 
and Petalostemum candidwm, both devoid of petals. Similarly for the sup- 
pressed member of Gagea fascicularis Joshi (1940) did not observe the cor- 
responding vascular traces. The Combretaceae showing a similar reduction 
are obviously comparable to such cases. 


Fires. 105-108. Diagrammatic longitudinal section of flower of Laguneularieae (Fig. 105); 
Combroteae (Fig. 106); Terminalicae (Fig. 107) and Calycopterideae (Fig. 108) showing the rela- 
tive positions of tho floral organs and their vasculature. (ODB—carpellary dorsal bundle; 
CF B—compound foliar bundle; D—dise; G—girdlo of fibrovascular tissue; L—locule; OVS— 
ovules; PS—placental strand; P,ST,SM,,SMo—fused petal, stamen and sepal marginal 
traco; ST',SM1,SMs—fused stamen and sopal marginal trace; S—sepal midrib; ST—stamen 
trace; P—petal midrib; S7H—stelo). 
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A more conclusive evidence suggesting that the Combretaceae have 
attained simplicity by reduction is available from the vascular anatomy of 
the androecium and gynoecium. Although the staminal traces appear to be 
made up of single composite bundles, the antepetalous staminal traces have a 
double origin as they originate from the union of the lateral division products 
of the adjacent sepal-stamen trace. In other words, unlike the condition in 
Casuarina (Eames 1961) the two traces fuse into a single bundle even before 
they enter the filament. 

Although the ovary is recognized to be unilocular, the variation met 
with in the number of carpellary dorsal bundles, taking their origin from the 
fibrovascular girdle, is clearly indicative of a multicarpellary syncarpous 
nature. It is well established that where the carpels are reduced, their traces 
continue as unbranched bundles to the style and stigma, and persist as blunt 
ends in that region. The number of persistent traces is interpreted as 
representing the number of carpels. Among the Myrtiflorae, in Eugenia 
ambolina there are five bundles in the style, although the ovary is 
two-chambered suggesting the suppression of the other three carpels (Rastogi 
1951). Such instances are not uncommon among the Polypetalae (Puri 1951). 
From similar considerations, the traces present in the stylar portions of the 
members studied now may be interpreted as representing the number of carpels 
constituting the ovary and it may be concluded that there are eight carpels in 
Tumnitzera, five in Guiera senegalensis, three in Quisqualis indica, Poivrea 
coccinea and Calycopteris floribunda and finally two in Conocarpus erectus. 
On this basis Lumnitzera is to be regarded as relatively less advanced while 
Conocarpus erectus showing the highest reduction as the most evolved among 
the Combretaceae. Interestingly Lumnitzera with a simple racemose in- 
florescence manifests a less advanced condition as compared to Conocarpus 
where the inflorescence is a highly condensed cone-like head, clearly a derived 
condition. 5 

The Combretaceae is described as having an apical or suspended placen- 
tation which, on account of its extreme reduction, is rather difficult to inter- 
pret. "The evidence at hand indicates a probable derivation of apical placen- 
tation from an ancestral parietal condition, Hames (1961) discussing the 
vasculature and placentation in reduced carpels, observes: ‘Suspended placen- 
tation in syncarpous gynoecia where occurs reduction in ovule number in 
submarginal placentae may leave one or a few ovules surviving at the top of 
the locule. ‘The ovules may be attached on the ventral wall of the carpels or 
“on the roof" of the loculus. Often they hang downwards on the long funicles; 
this arrangement is similar to that of subbasal but at the other end of the 
locule. Anatomy shows that many, perhaps all, of these are surviving mem- 
bers of the submarginal placentation. Some suspended ovules are, perhaps, 
survivors from parietal and even laminar placentation.' The Combretaceae 
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recall more or less the above condition and therefore its apical placentation 
may be looked upon as representing a reduced parietal bype. i | 

During recent years much has been said regarding the morphology of the 
inferior ovary (Douglas 1944, 1957; Puri 1951). Puri (19525) classified the 
inferior ovaries under three morphological types. In the first type, the floral 
tube is an appendicular structure formed by the gradual topographic union of 
the extra carpellary parts of the flower with the ovary wall, followed by the 
concrescence of the traces lying on the same radius. Such appendicular ` 
inferior ovaries are known to occur in Ericaceae (Eames 1931), Rosaceae 
(MacDaniels 1940), Amaryllidaceae (Joshi and Pantulu 1939, 1941; Chaturvedi 
1945), Turneraceae (Rao 1949), etc. In the second type, both the inferior 
ovary and the so-called calyx tube are believed to be mainly axial in nature. 
The floral cup in this case seems to have been formed by a process of invagina- 
tion or sinking of the floral axis. Recent studies in the floral anatomy of 
the flower, however, revealed that such an origin of the inferior ovary appears 
to be true for a few cases such as Rosaceae (Bonne 1928; Jackson 1934; 
MacDaniels 1940), Calycanthaceae (Smith 1928), Santalaceae (Smith and 
Smith 19424, b), Juglandaceae (Leroy 1955), Cactaceae (Sharma 1949) and 
Punicaceae (Sinha and Joshi 1959). Since the ovary of the Combretaceae 
shows extreme reduction and adnation in its traces, it becomes very difficult to 
interpret the nature of the inferior ovary in the family. A significant feature 
is that the primary bundles that pass up in the floral cup to the roof of the 
locule are stelar in nature. After giving off traces for calyx, corolla and 
androecium, they turn inwards horizontally as very much reduced recurrent 
bundles and at this region form the girdle from which the placental strands 
organize. Hence the outer part of the ovary wall or the floral tube may be 
conceived as receptacular or axial in nature, at least up to the level of the 
bending of the stelar bundles to form the reduced recurrent bundles. Such 
an inference is in conformity with the interpretation arrived at in certain 
species of Rosaceae, Calycanthaceae, Santalaceae, Juglandaceae, Cactaceae 
and Punicaceae (cf. Puri 1952b). Therefore, the portion of the floral tube 
above the region of the girdle in the Combretaceaean taxa now investigated 
may be looked upon as totally appendicular. The view that the inferior 
ovary in the Combretaceae is essentially receptacular, as suggested now, 
receives further support from the recent work of Tiagi (1963) who studied 
various members of the Cactaceae showing a variety of features ranging from 
typically superior to inferior condition of the ovary with ovules ranging from 
numerous to a limited number in each of them. 

One other floral structure of some interest is the nectariferous disc. Tt is 
present in all the members studied excepting Combretum grandiflorum, Poivrea 
coccinea and Quisqualis indica. Although essentially epigynous, the disc is 
varied in its morphological nature and occupies different floral regions in 
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different members. Among this, only the two species of Lumnitzerd have 
numerous and minute vascular strands in the disc, derived chiefly from the main 
bundles and from the base of the sepal supply. In all other members studied 
now, no vascular strands are met with in the dises. It would appear that the 
vascular traces are lost secondarily in these members and that Lumnitzera 
consequently represents the ancestral condition. Moreover, the disc is com- 
pletely annular and receptacular in the two species of Lumnitzera, while in the 
rest of the members studied there is apparently an acrocentripetal migration 
such that the disc comes to lie towards the upper part of the ovary. Fahn 
(1953) has shown that such a migration in the position of the disc represents 
phyletic advancement. 

Studies made by one of us on wood anatomy of 40 species spread over 16 
genera (unpublished) have clearly revealed that the Laguneularieae constitute 
not only the least evolved but also a distinct group by themselves as they are 
characterized by significantly high number of vessels per unit area, their 
smaller cross-sectional diameters as well as their more sharply inclined end 
walls. ‘The three-traced sepals, vascularized annular disc and the maximum 

/ number of carpels met with in Lumnitzera not only corroborate but also 
establish their least evolved nature relative to the other Combretaceae. 

The position accorded to Laguncularieae in the scheme presented here is 
based on floral anatomical work of one of the three existing genera of this 
tribe and is well supported by available data on the wood anatomy of the tribe. 
It is probable that future floral anatomical work on the other two genera 
(Macropteranthes and Laguncularieae) of this tribe also would bear out the 
conclusion presented in this paper. 


Calycopterideae Terminalicac 
Flowers in spikes and apetalous Flowers in spikes or in condensed 


calyx tube five-lobed at the top, each heads and apetalous; calyx tube five- 
sepal single-traced; carpels probably lobed at the top, each sepal single- 


|| 
| 3; disc non-vascular. traced; carpels 2 to 4; dise non- 
| x x vascular. 
LÁ 
Combreteae 


| 

H 

j Flowers in spikes; flowers tetramerous or pentamerous; sepal and petal 
single-traced; disc when present non-vascular; probable number of 
carpels range from 3 to 5. 


Laguncularieae 
Flowers in racemes; flowers bracteolate; sepal three-traced; petal single- 
traced; dise annular and richly vascularized; probable number of 
carpels 8. 
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REGULATING A FISHERY WHEN GROWTH AND 
MORTALITY RATES ARE UNKNOWN 
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The Beverton-Holt model as modified by Holt (1962) is useful for a judicious 
exploitation of many tropical fish populations whose elemental rates of 
growth and mortality are often difficult to estimate. Hence, in the light of 
this modification the existing methods for estimating (a) the optimum size 
limit and the maximum yield for a given fishing intensity, (b) the cor- 
responding parameters for a fixed mesh size and (c) the potential yield have 
been examined and derived in the present paper. These derivations not 
only include the usefulness of limited information on some vital parameters 
but are also applicable to allometric growth conditions and overrule the 
graphical methods of estimation. 


INTRODUCTION 

Recently Holt (1962) has written the Beverton-Holt yield equation in a 
form that does not directly contain the element of time and in this form the 
model requires only the ratios of mortality to growth rates and the asymptotic 
length. Even the parameters, K and t of the von Bertalanffy growth 
curve, are replaced from the yield equation although they may be obtained 
by the methods of Gulland and Holt (1959) and Diaz (1963) when age reading 
is difficult. Holt has thus made it possible to apply the Beverton-Holt model 
to many tropical fish populations where the estimates of growth and mortality 
rates are often not available mainly because of the difficulties in age reading. 
The tables of yield functions prepared by Beverton and Holt (1966) can be 
readily employed for drawing the eumetric fishing curve using only the ratios 
of mortality to growth rates. Unfortunately this table is useful only if the 
exponent describing the length-weight (L/Wt) relation is either three or very 
nearly three. Hence, in the present paper, some of the existing methods for 
determining the conditions of optimum exploitation have been examined in 
the light of Holt’s substitutions so that they may also be applied to those 
populations where the individual estimates of the main parameters are lacking. 
In addition to the methods based on the Beverton-Holt model (see Beverton 
1954; Beverton and Holt 1957; Holt 1958; Krishnan Kutty 1968a; Krishnan 
Kutty and Qasim 1968) those of Ricker (1945) and Allen (1953, 1954) have 
also been considered here. All these methods are suitable for both conditions 
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of growth—isometric and allometric—but the ones based on the Beverton-Holt 
model are more precise. The present study, however, is limited to such 
populations which have constant mortality rates and conform to a von 
| Bertalanffy growth pattern. 


Horr's o Eo FOR ESTIMATING THE YIELD 


f 

| The equation derived by Holt (1962) from the original Beverton-Holt 
| model (see Beverton and Holt 1957) for estimating the yield (Yw), using 
only the ratios of mortality to growth rates, can be written as 


p ; -M* o yMn La —lpy 2+ 
| Yy - PW«R(i- zr > (I zl (s |- (1) 


where 7" = zi M = zs Z = =2 ; F, M cul Z are instantaneous fishing, natural 

and total mortality rates, K — rate of attaining the asymptotic length in | 
the von Bertalanffy growth equation, Wa = asymptotic weight of the fish, 

R = number of recruits, |, = the size at which fish is fully recruited to the 

j fishery, le = the size at which fish becomes fully vulnerable to the gear, J, = 

size at which fish disappears from the fishery, Lo = asymptotic length and Q, 

takes successively the values of 1, —3, +3 and —1. The ratios, F” and M’, 

can be calculated from estimates of Z’ for two different levels of fishing 

intensity and Z’ is obtained either from the relationship (Beverton and Holt 

1956a) 


where 7 = the mean length of fish of size le and above in the fishery, or by 
using Allen’s (1967) method. When age reading is difficult, the asymptotic 
length may be determined fairly accurately if it is possible to apply the methods 
of Gulland and Holt (1959) and Diaz (1963), otherwise the less precise methods | 
based on comparative studies of fish populations as suggested by Holt (1962) | 
may have to be employed. If growth is not isometric, the exponent in the | 
equation describing the length-weight relation will not be exactly three. 
Krishnan Kutty (19685) has pointed out that, when the L/Wt exponent is 
not a positive integer, the number of summation terms in the Beverton- 
Holt yield equation runs to infinity, but for all practical purposes, six to ten 
terms would be adequate for obtaining a reasonably accurate estimate of the 
yield. The equivalent of this equation using only the ratios of mortality | 
to growth rates is 
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where Yin takes successively the values of 


y y(v—-0 y(y—1)y—2) ... (y—(d4—2)) 
da TERES =I)! 3 


y = the exponent in the equation describing the length-weight relation and 
d — number of terms which are taken to be sufficient for obtaining an 
accurate estimate of the yield. Equation (3) instead of (1) is used here to 
derive the method of estimating the optimum size limit for a given F’ so 
that it can be used when growth is either isometric or allometric. 


Brest Size Lrwrr ror a Given F” 


Rewriting the population parameters in terms of ratios as suggested by 
Holt, the details of which are given by Beverton and Holt (1966), the equation 
described by Krishnan Kutty (1968a) for estimating the optimum age of 
exploitation for a given fishing intensity can be written as 


( 2 lr, n 
7 s ; — cien ja 

Lal Z 1 4 Leo v ( i) 
(z=) > Co ! 3 (SD a E MES 


Zn 


La -—lr 


n0 n=0 
e (4) 
Equation (4) can be used to obtain directly the optimum size limit (l max) 
instead of the age of exploitation when the growth and mortality rates are 
known or if their ratios are available. The optimum size limit (J, max) for a 
given F’ can also be estimated from the equation obtained by differentiating 
(3) with respect to 7, and equating to zero. In this case, therefore, the sub- 
stitution is made prior to differentiation. The resulting equation can be 
stated as : 
La —le 7 S Mnf len Las — li 7+" 
zi (i) SEW og (ume) |- (oS) | 


n=0 


d-1 A C 

= (Ele "e (1- i) E lou 

By the method of successive approximation an estimate of ls max to the 
desired accuracy can be obtained from (4) or (5). In eqn. (5), since the 
factors containing the term le are raised by n, Z' or (Z’+-n), the change in the 
value of the left-hand side (LHS) of (5) corresponding to a change in the 
chosen value of J, wil not be proportional. In Fig. 1 the LHS values are 
plotted against the values of /; using the data of the North Sea plaice (Appendix 
I) which shows that their relation is exponential. Linear interpolation will 
not be efficient, particularly when the difference between the two chosen 
values of le is large. But from such a plot two close values of le within the 
range of which the l max lies can be read, and by successive linear inter- 
polation between these values, ls may can be calculated fairly accurately. 
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For the North Sea plaice l max for F = 0:73, as seen from Fig: 1, lies between 
45 and 46 cm and two successive linear interpolations between these two 
values gave an estimate of 45-29 cm. This is fairly close to the actual value 
as the length corresponding to the optimum age of exploitation (Krishnan 
Kutty 19684), for F = 0-73 was found to be 45-27 cm (Appendix I). The 
l max is now substituted in (3) to obtain an estimate of the maximum yield 


D 7 
(Yw max r) for any given F”. 
-6'0 
-40 
o 
| E 
4 
-20 
S = 
40 42 44 46 48 50 


Frc. l. Relation between the values of the left-hand side (LHS) of eqn. (5) and different 
values of le for North Sea plaice. The value of the right-hand side of the equation for equating 
with LHS to find le max is — 0:46984. 


Newton's method of approximate solution of equations (Smail 1953) can 
be used to reduce the number of successive interpolations required for obtaining 
an accurate estimate of 1, mex. For using this method two values of le within 
which le max lies are determined from the eqns. (4) or (5) by substituting 
trial values for ls. Of these, the one closer to l, max may be chosen as a first 

„approximate estimate of l, max, say le, and then the values of lea, lep, eto., 
are found out repeatedly until the desired level of accuracy is achieved from 
the relationship 

fi (Ie, 1) 


le E I — T] — v mn Lan ee ee ) 
n n-1 f (1e, 1) (6) 


where f(/.,_,) and f’(I-,-,) are the values of the LHS of the eqns. (4) or (5) 
on equating to zero and the corresponding derivative obtained by substituting 
1c,-, for le. The derivative of (4) can m written as 


7 La —le M' +n 1, \n-1 
fits (re |- LIE P "Zn (I Te) 


CO I Et, 


d-1 
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and that of eqn. (5) is 
M’ Loo —lo\2" M’ Lo —l 2 
"la = — o e — s" aa] | = OSE 
TOS ee ts (i) | zd (i-i | 


M'--n le V7 l, Z' -n Y [Lo—ly Z'4n 
+ —lI%a> ll 2 i L——L 
> ( Ole n al ie) T zl i23) oed 


n=] 


“(GH Ne = e 


But from eqns. (7) and (8) it can be seen that Newton’s method of solving 
(4) for I; max is less tedious than solving (5) and does not involve any additional 
labour than that required for the linear interpolation. If the difference 
between the two chosen values of J, is small, one or two approximations will 
be adequate enough for obtaining am accurate estimate of the optimum size. 
Newton's method may similarly be preferred over linear interpolation for 
finding the optimum age of exploitation (tp max) from the equation described 
by Krishnan Kutty (19684) and the required derivative for using the equation 
analogous to (6) is 


4-1 
f(t) = » (— Doy (Df 4-nk)e to EY nto 2 oo ©) 
n=0 
where £, = the age of first full exploitation and f, = the age at which the 
fish disappears from the fishery. 

When the length-weight exponent deviates from being three, the above 
methods of estimating the optimum size limit for a particular F’ becomes 
slightly tedious. Since the estimation of yield ( Y) is now to be made from the 
eqn. (3), reading the modal size from a yield-mesh curve as suggested by 
Beverton (1954) is also not easy and the optimum size read from this curve 
will only be a close approximation. However, computational labour required 
for drawing the yield curve can be reduced by dividing the post-exploitable 
phase into sufficiently small time intervals (At) and summing up the yield 
during each time period as discussed by Beverton so that 


Yy e X Yrga a 3k, TTL (uu 


where Yy,,= the yield in number during the period between ên and tn-ı 
years of age, and Wa = the average weight of the individual fish during the 
same time interval which can be obtained by taking the arithmetic mean or 
preferably the exponential average of the initial and final weights attained 
during the period. The equation described by Beverton and Holt (1957) for 
Yy At is 


ONE Leo Iz i-e] B 
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where fy is the age of recruitment. Equation (11) using Holt’s substitution 
becomes 5 

YS = r(že=) (= J [ees | (le) 

Tao Woch W |Z EE 

where /;,,_, and a denote the size of the fish of age £,-, and f, years respec- 
tively. ‘The above equation enables the calculation of Y y arin terms of the size 
of the fish instead of its age. Hence, the total yield in weight (Y y) can easily 
be obtained from eqn. (10) using only the ratios of mortality to growth 
rates. 

The methods of Ricker (1945) and Allen (1953, 1954), after appropriate 
modifications, can also similarly be used for obtaining close approximations to 
the optimum size limit when ageing is difficult, provided that the average 
growth of the individuals conforms to the von Bertalanffy pattern. Ricker’s 
original method is to read the optimum size corresponding to the mode in a 
yield-mesh curve, assuming exponential growth and mortality. Since the 
growth in length over the fishable life span as à whole is seldom exponential, 
Ricker divides the exploitable phase into a number of smaller units thus 
restricting the use of the exponential growth function only to short time 
intervals. -Rücker's weight change factor for any period can be written as 


elC Arm MEE (fati) E= ied (13) 


Lo—li, 
where G, like M and F is an instantaneous rate on a yearly basis. The 
ratio, G^, or Ĝan is obtained from 

K 


CE N Lol, , le W,, 
At oT j= d) oe be ira (14) 


n zi 
where Wen, and Wi, are the weights of the fish at ages /&-, and fin years 
respectively. The weight change factor can thus be obtained for estimating the 
biomass at the end of each time interval without any knowledge of the latter's 
duration. Since only F’ is known Ricker’s yield equation will now give 


(Zz) instead of Yy. But as (5s) is proportional to Yy, the size limit cor- 


responding to 2) will be optimum. The corresponding maximum yield 
max 


may be obtained by determining the growth constant K, which requires a 
knowledge of the duration of at least one time interval. Since, G^, ig already 


evaluated and 
In ( W, y ) 
Win-i 


(Ee St 
At ists) years 


(16) 
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a reliable estimate of K is possible by taking the mean of a number of esti- 
Yy 
K 
rather easily when the L/Wt exponent is not three, by using the method of 


mations based on the available data. The quantity ( ) can also be obtained 


` approximate integration suggested by Krishnan Kutty (19680). 


Allen's method (1953, 1954) is to find the optimum weight of the fish 
using the relation that the weight of the fish at the optimum size (Wmax) 
equals the product of the fraction, p of the fish reaching this size that are 
ultimately caught and the mean weight of the individual fish in the catch 
(W,). Thus assuming natural and fishing mortality rates to be constant 


p Wmax = pWy ae Sc s .. (16) 
hi 4 
where p = 757. If the existing mesh size does not correspond to the optimum 


size limit, then Wma: is to be obtained by successive approximation, i.e., 
with each value of the size limit chosen, W, has to be estimated separately 
until Wmas equals pWy. The mean weight in the catch (Wy) may be esti- 
mated in different ways. The method described by Beverton and Holt 
(1957) becomes elaborate when the growth is not isometric, but it may easily 
be obtained by using eqns. (10) and (12) since the mean weight of the 
individual fish in the catch is the total yield in weight divided by the total 
yield in number. Allen and Forrester (1966) have used an empirically deter- 
mined Wy based on catch samples for estimating the optimum size limit 
but the latter will now be subjected to errors arising from sampling variations 
and fluctuations in abundance. 


POTENTIAL YIELD AND THE CORRESPONDING SIZE LIMIT 


Potential yield can be realized by catching all the fish just when the 
brood attains its greatest biomass (Ricker 1945; Allen 1954; Beverton and 
Holt 1957; Holt 1958). Krishnan Kutty and Qasim (1968) have pointed out 
that the equation for estimating the biomass (Pyy,) at time, t, in the absence of 
fishing becomes 

Py, = Wo Re™ M49) 1 — eK bo))” ,. ee .. (M) 


and the optimum age of exploitation (£y) when the size of the brood is greatest 
can be obtained from the relationship 


etc ye EET * - = .. (18) 


Removing the element of time from these equations by means of Holt’s sub- 


stitutions, the equation for estimating the biomass (Py,,) at size lo for all values 
of the L/Wt exponent can be written as 


Mi le % Lo—le M 
ein,» ame (35) (=) cre Sn .. (19) 
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and the optimum size limit (ley) corresponding to ty is obtained from 


M’ 
ly = Lo( 1-257): Wee ee: -(20) 


The equation for Pw, can also be derived from (3) by putting F" = oo so 


that 
,d-1 " 
l -M l M +n , 
Py, = WoR (1- =) p (“W%—)(1- | . s. (21) 
n=0 


By differentiating (21) with respect to lo and equating to zero, an estimate of 
le, can be obtained. Thus we get the relationship 


4-1 WO ; 
` (DHYM + (1— 2) EET. (22) 
n=0 e 

from which le is calculated. Substituting ley in (21), 

greatest biomass which the brood can attain may be arrived at. This is also 

equal to the potential yield (Y) since all fish of this size have to be captured to 

obtain this yield. 

If the exponent, which describes the L[Wt relation, is not an integer, the 
estimates of Y and l., from eqns. (21) and (22) will only be close approxi- 
mations and hence (19) and (20) are preferred over eqns. (21) and (22). 
The solution of l from (22) is by successive approximation as described 
earlier for J, max. The derivative of (22) for applying Newton’s method is 


an estimate of the 


d-1 7 
He) = Y (arra IEEE an 4 te so (83) 
n=1 


where z = hı- 2) Once the value of x to the desired level of accuracy is 


0 
obtained, l can easily be found. Ify isa positive integer, an exact solution of 


(22) for le is possible and this can be made much simpler by substituting x 


for ( 2) and factorizing (22). It has been found that (a—1) is a factor 
% 
when y = 2, but occurs repeatedly (y—1) times when y is 3 or a higher integer. 


Since (z—1) is a factor, one value of le, which will satisfy the equ. (22), is 
zero. Since the main interest is to find the le when the biomass is greatest, 
it becomes necessary to find the other possible values of v. Thus, factorizing 
-. (22), we get the relationship 

* (M'--y)g—M' —0 oo óc ob .. (24) 


- for integer values of y except that the terms (J’+-y)x and M’ in (24) alter- 
ms if y is an even number, Solution of (24) is direct and does not 
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Appendix I gives the values of the potential yield and the correspond- 
ing le for the North Sea plaice obtained from the eqns. (21) and (24) 
respectively along with one of the estimates based on the methods given by 


Krishnan Kutty and Qasim (1968). It can be seen that both the methods 
give almost identical results. 


MAXIMUM YIELD WHEN THE MESH SIZE CANNOT BE REGULATED 


The methods discussed above are applicable to the fishery where the 
selectivity of the gear can be controlled. If, for any reason, the mesh size 
cannot be regulated the maximum yield can be obtained only by adjusting F’ 
(Gulland—private communication), although, according to the principles of 
eumetric fishing (Beverton and Holt 1956b, 1957), this yield can be obtained 
at a lower fishing intensity if it is possible to adjust the mesh. Hence, regu- 
latory measures based on the eumetric fishing curve permit maximum utili- 
zation of the fishing effort. Nevertheless, the estimation of the maximum 
yield and the corresponding fishing intensity for a fixed mesh size may at 
times be useful in setting a practical limit on the fishing effort. The F’ 
maximizing the yield at a fixed mesh size is estimated by any of the methods 
of successive approximation suggested earlier using the relationship derived 
from (3), 


d-1 ; 4 
edo SS ccs ls Vf nee iz Eon 
pesi ne t a) e 
-1 ; ; 

NS NO E le "^| M'n È Le-—lj +” =f S 
T 21 1) wa 1:) (Z'n)? ] PEE 0. (25) 
The above equation can be used to find the optimum F’ or Faas when the 
recruits are either fully vulnerable to the gear (lj = le) or exploited only 
after they grow to a larger size (lp < le). It should be mentioned, however, 
that since the regulation of F” involves changes in fishing effort an accurate 
estimate of Fass which can be obtained from the above method is more 


desirable than that read from the yield-intensity curve. Hence, eqn. (25) 
may be solved by using Newton's method for which the required derivative is 


T 2 4-1 2 , 
INA LL Lio lr, Tl le n E Leo —ly, Cen 
IE) = E =] p (a "w(1— 72) (zs) esu 


a 


n=0 
d-1 : $ 
EA NT le \" | M'Y (Lo—ly\*+** 
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To obtain the maximum yield (Y y max lc) the estimated P... is substituted in 
eqns, (3) or (28) depending on whether le is greater than or equal to ly. * 
Once the F,,, is calculated, the corresponding fishing intensity (Faan) 
should also be known for regulating a fishery. This is possible by estimating 
k from the relationship 


f| eB oo MEC eru (27) 


using known values of F’ and the corresponding fishing intensity (f). T£ 
| there are two or more independent estimates of F’, a better estimate of k is 
| possible by fitting (27) to the data. 
Tf the recruits,are exploited as soon as they enter the fishing ground, the 
eqn. (1) for yield becomes (Gulland—private communication) 


5 D 
r 1337 Qn lo 2 Le —lr GS 2 
Yy = FWSR > 7a ('- 25) h- (ez DITE, 
d-1 
By ehanging the summation terms to X and the 2, term to (—1)"v(n) as is 
` #=0 


done in the eqn. (3), (28) also can be adjusted for all values of the 
L/Wt exponent. If the fishery is dependent on the recruits alone, as for 
instance, when the older age groups are scarce in the fishery due to the peculiar 
distribution and behaviour pattern of the population, the maximum yield 
under steady state conditions is obtained only by catching all the recruits. 
This yield (Yw marp) is estimated from the equation 


4-1 
^ : l, \* 
Yw max, = Wor 2, cim ES zz) Nan (20) 
| which also gives the biomass of the recruits. A better estimate of Y, max! 
when growth is not isometric, can be obtained by putting l: = lr in eqn. (19) 
| so that - 


Y 
Yw marg = BWo (1. RM e. ET 


Similarly, if the fishery depends only on & population of a particular size, 
| : le which is greater than i», then the maximum yield is obtained from (19) or 
| (21). 

Since the eqn. (25) is derived from Holt’s version of the Beverton- 
Holt model it can be applied equally well to cases where the individual esti- 
mates of the growth and mortality rates are available. However, the fishing 
mortality (F mar) needed to produce the maximum yield for a fixed mesh 
size can also be estimated from the relation 


d=} 
=1)"/qye7 rs) [ AP ezina MERE qu zem] 
2, I) Yine p'— fo [E d tai e yj =O .. (31) 
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where A = (5—!5) years. Equation (31) is derived from the original Beverton- 
Holt model. 
Discussion 

The methods discussed above are developed under the assumption that 
the population is in a steady state having constant growth, mortality and 
recruitment. Hence these methods are useful for the regulation of such 
exploited fish populations with constant parameters and a stable recruitment 
or when the fluctuations in the population biomass are purely random. How- 
ever, Beverton and Holt (19560) have indicated that the stock density is 
relatively stable over a wide range of fishing intensity and hence over this 
range the density dependant effect on the population is at a minimum. It 
may therefore be possible to apply regulatory measures based on the simple 
model to many fish populations. If the density dependant effects are signi- 
ficant then these should also be considered for adopting the necessary manage- 
ment policies. -Beverton and Holt (1957), Ricker (1958) and Larkin and 
Ricker (1964) have discussed the effects of random variation on the population 
and their results indicate that the best long-term average yield can be obtained 
from deterministic models even when the population fluctuates randomly. 

When the population is in a steady state, but with age-specific natural 
mortality, the exact methods based on the simple Beverton-Holt model 
discussed above cannot be used for estimating the optimum conditions of 
exploitation. This is because the original Beverton-Holt yield equation is a 
continuous time model with constant parameters. 
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APPENDIX l 


Comparison of the optimum size limit and the maximum yield for North Sea plaice. The 
values in parentheses refer to the lengths calculated from the corresponding optimum ages of 
exploitation taken from the sources cited. Tho data (Beverton 1954) are: 

M = 0-1, tp = 3:72 years, tà = 15 years, fo = — 0:815 years, K = 0:095, Wa = 2867 g, Lap = 69 

em, y = 3, I, = 24-15228 om and 2, = 6364129 om. 
SSS 

Krishnan Kutty Krishnan Kutty 


Source Present paper 1968a and Qasim 
1968 
a —M—M— 
F = 0:73 
lo max 45-2883 cm (45:2726 cm) 
Vise 414-3389 g 414-42 g 
ley 51:0779 cm (51:0346 cm) 
Y 442-8597 g 442:84 g 
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A CONTRIBUTION TO THE FISHERY AND BIOLOGY OF 
CHILKA SAHAL, ELEUTHERONEMA TETRADACTYLUM 
(SHAW) 


by S. PATNAIK, Central Inland Fisheries Research Substation, 
Cuttack 


(Communicated by B. S. Bhimachar, F.N.I.) 
(Received, 28 December 1968; after revision 8 April 1969) 


Studies on the fishery and biology of the sahal, Eleutheronema tetradactylum, 
from Chilka Lake are reported. Methods of fishing, size composition of the 
catches, age and growth, length-weight relationship, food and feeding 
habits, maturity and spawning, size and age at first maturity and fecundity 
have been investigated in detail. The potentialities for future development 
of the fishery are discussed. 


INTRODUCTION 


The so-called Indian Salmon, Zleutheronema tetradactylum (Shaw), is a 
species of considerable commercial importance constituting about 7% of 
the total fish production of the Chilka Lake during the years 1957-60. Its 
yield during these years varied between 193-04 and 364-40 tonnes, fetching on 
an average 4,80,000 rupees annually. Sahal is one of the highly esteemed 
fishes of Chilka and is in demand for export to Caleutta. The work reported 
here was undertaken to study the fishery biology of the species during the 
years 1957-60 so that the fishery of the species in the Lake may be developed. 

The other polynemids available in the Chilka Lake are Polynemus indicus 
Shaw and Polynemus sextarius Bloch. None of these, however, are of com- 
mercial importance.  Eleutheronema tetradactylwm is widely distributed in the 
seas of India, Malay Archipelago and China (Day 1878). It was first recorded 
from Chilka Lake by Chaudhuri (1917). Later references in regard to 
its production and breeding in the Lake are given by Mitra (1946), 
Devasundaram (1954) and Jones and Sujansingani (1954). Karandikar and 
Palekar (1950) published a short account of the breeding season and-maturity 
of E. tetradactylum. Sarojini and Malhotra (1952) studied the larval develop- 
ment of the species. Bal and Pradhan (1945), Bapat and Bal (1952) and 
Malhotra (1958) studied the food and feeding habits of the species. 

The Chilka Lake, situated in the districts of Puri and Ganjam in the 
State of Orissa, is the largest brackish water lake in India with an average 
area of 1,040 sq. km. The Lake is connected with the Bay of Bengal through 
a narrow sandy outer channel, 29 km long and 365 m wide, showing high 
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tidal influence. For the sake of convenience of study, the Lake has been 
divided into four sectors—the northern, the central, the southern and the 
outer channel. 

The shallow northern sector is the largest with a silty bed. The Lake is 
almost fresh during monsoons in this region due to inrush of flood water 
through rivers Daya and Bhargabi, branches of the Mahanadi system. This 
sector shows wide seasonal variations in salinity. The southern sector is the 
smallest and deepest with an almost sandy bottom where there is no substantial 
seasonal variation in salinity (Banerji and Roychoudhury, unpublished). The 
central sector located between the above-named sectors shows considerable 
fluctuations in salinity. : 


FISHERY or SAHAL IN CHILKA LAKE 
Sahal locally refers to Hleutheronema tetradactylum in a general way. 
Other names of Æ. tetradactylum also commonly employed locally are sahalia 
and bai-sahali. These, however, relate to fish size and apply to medium and 
small forms of the species respectively, the term sahal in this context implying 
the adults of the fish. 
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Fria. 2. Estimated total catch of sahal and catch as 
percentage of total production from the Lake. 


Fig. 2 presents the annual production of the species and its percentage in 
the total fish production for the years 1948 to 1952 and 1957 to 1960 as given 
by Jhingran (1963). No figures of production prior to 1948 or for the period 
1952-56 are available for comparison. However, it is seen in Fig. 2 that the 
level of production during 1957 to 1960 is higher than that of 1948 to 1952, the 
year 1959 showing the highest yield of 364-4 tonnes. This was due to heavy 
catch of the species from the Janos that year. The annual production from 
different sectors during 1956-60, as may be seen in Tablo I, indicates the 
lowest yield in southern sector and highest in northern sector. 
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Northern. sector 


The major catch of sahal in Chilka Lake which comes from the northern 
sector formed 50-3965, 66.695, 52-895 and 65-2% of the total catch of sahal 
from the Lake in 1957, 1958, 1959 and 1960 respectively. As seen in Table I 
there are in general two periods of high production, one during January to 
April and the other from July to October. This appears to be due to the fact 
that the breeding ground of the species is located in this sector which results in 
the brood fishes congregating there during the spawning season. The young- 
of-the-year (0-year class) are also captured in large numbers from this 
sector. 

For the sake of convenience in the presentation of the size composition of 
the sectoral catches the length range of sahal has been divided into four size- 
groups as: small (up to 175 mm), medium (176-275 mm), large (276-450 mm) 
and very large (above 451 mm). The size composition of the sectoral catch 
analysed along the above lines shows that medium- and large-sized fish dominate 
the catch during January to April. The small size-groups though dominat- 
ing the catch during May to July because of large number of juveniles captured 
also show intermixed with them medium- and large-sized fish in considerable 
numbers as some brood fishes continue to congregate in northern sector for 
late spawning. During July to September also small size-group dominates 
the catch because of mass capture of juveniles in Patua jal which is very 
destructive to the sahal fishery. The medium size-group again dominates the 
catch .during the period October to December, the catch being either from 
Janos or taken by Menji jal and Sahal jal from outside. From December 
onwards the large- and very large-sized fishes gradually increase in the catch 
with the approach of the spawning season. 


Central sector 


The production of sahal from this sector is low in comparison with that of 
northern sector and constituted 43:395, 30:395, 37-9% and 28-6% of the total 
sahal production from the Lake during 1957, 1958, 1959 and 1960 respectively. 
A common feature of the monthly production of these years, as seen in Table I, 
is that the production from this sector is low during March to July which 
is attributed to the migration of the breeders away from this sector. ‘The 
large number of small sahal caught contribute very little to weight. The high 
catch from this sector during September to October is due to the catch from 
early Jano and the intensive operation of Sahal and Menji jals. 

The size composition of the sectoral catch shows that during January to 
March the medium-sized fishes dominate the catch after which the smaller 
group, i.e. the fish-of-the-year, dominates the catch during April to August. 
The medium size-group again’ increases in the catch during September to 
December, The large- and very large-sized fishes taken from Janos and 
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- Bhekti jal operation are also captured in considerable numbers during this 


period. 


Southern sector 

The production from this sector is very low comprising only 6:495, 3:495, 
9:395 and 6:2% of the total landings of sahal from the Lake during 1957, 
1958, 1959 and 1960 respectively. The monthly yield from year to year is 
very much alike except in October and November 1959 when the yield was 
maximum in the sector (12-4 tonnes) which was due to better catch from the 
Janos that year. The catch is poor or negligible during April to June, the 
reason largely being the absence of breeders in the sector and the fishermen 
engaging themselves in the more profitable fishing of Nematalosa nasus (Bloch) 
and Gerres setifer (Hamilton) which are readily available to the commercial 
gear. 

Size composition of the sectoral catch shows that the medium-sized fishes 
dominate during the period January to March. During April to August the 
small size-group (year's brood) becomes dominant because fish of that group 
get captured along with other fishes in Khadi jal. During September to 
December the sahal pertaining to medium size-group come in large numbers 
from the Jano catches. "The large-sized fishes also appear in the catch only 
during this period. 


Outer channel 

There is no regular record of production of fish in the outer channel. 
However, monthly observations made at Arakhakuda during 1958 to 1960 
show stray catches at different periods of the year which do not form a signi- 
ficant fishery. The numbers recorded in the catch at Arakhakuda in different 
months were pooled for corresponding months in all the years and the average 
number encountered in different months is shown in Fig. 9. The figure 
indicates maximum numbers occurring in the outer channel during the months 
December to March and again in June. An examination of size composition 
shows maximum numbers forming modes centred between 263 and 288 mm 
from December to March and at 175 mm in June. 


Abundance in the Lake as a whole 

Table I also shows total-yield of sahal from the entire Lake for each 
month of the period under study. The monthly trends of production from 
year to year are very similar having only minor differences here and there. It 
is seen that there are two peak periods of production of sahal in a year. ‘The 
first falls during January to April when, in general, more of medium- and large- 
sized fishes dominate the catch as they include the majority of maturing 
forms. ‘The second peak period occurs during August to December when the 
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fish-of-the-year dominate the catch. The period of lowest abundance is 
during May, June and July which is probably due to their invulnerability to 
most commercial gear except the Patua jal. The adult fishes after spawning 
diffuse from the northern sector into the entire Lake. 


Methods of fishing 


Because of the high price sahal fetches in the market, being an economic- 
ally valuable fish, fishing for sahal draws considerable attention from Chilka 
fishermen. The species is caught by several kinds of nets as well as by traps, 
hooks and spears. It is also captured in Janos of the Chilka Lake. 

The nets of Chilka have been dealt with in detail by Jhingran (1963). 
There is no particular net which is exclusively employed for sahal fishing. 
However, in the present account the nets which mostly capture the species 
with their mesh sizes and period of operation are given in Table II. 


TABLE II 


Nets employed for catching E. tetradactylum in Chilka Lake with their mesh sizes and 
period of operation 


Local name of T Mesh sizo ml t ü Time of intensive 
A OR ype in ace of operation OE 
Bhekti jal .. Dragnet 61-155 All deeper parts of September to May 
1 central and north- 

ern sector 

Bhida jal Dd 9n ^. 16-125 All over the Lake in January to September 
deep regions = 

Hilsa jal o0 a 26-65 Northern sector May to October 

Borogo jal oa 21-45 " May to October 

Khadi jal Jd D 6-65 Shallow areas of January to September 
entire Lake 

Patua jal oO » 6-55 In the main area of "Throughout the year 
the Lake 

Sahal jal .. Gill net 46-60 Central and northern May to December 
sector 

Menji jal ` an o 26-45 In the main area of April to December 
the Lake 

Noli jal (Drift typo 26-55 Central sector April to September 

DIS ** (Gill nets 45-55 Northern sector March to June 
Khepa jal .. Cast net 16-65 Northern sector January to June 


———————————————————————————————— 
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Susceptibility to different gears 
In order to evaluate the species composition of catches taken by different 
nets in Chilka Lake, extensive year-round field studies covering observations 
on the catches of the different species by weight were pooled separately for 
each of the calendar years 1957-1959. From the total observed net fishing 
catches, the contribution of different nets to net fishing landings of different 
species was determined. Observations relevant to sahal are stated here. 
Fish sizes taken by different nets were also recorded. From Fig. 3 it is 
seen that, among the various nets operated for sahal, Patua jal catch is highest 
‘in all the years constituting on an average 36% of the total observed net 
fishing catches of 1957 to 1959. The other drag nets which take sahal in 
order of importance are Khadi jal and Bhida jal constituting on an average 
19:095 and 13:0% respectively of the total observed net fishing catch during 
the period. The catches from other drag nets like Bhektt jal, Borogo jal and 
Hilsa jal are poor, comprising on an average 2:095, 1:0% and 1:0% re- 
spectively during 1957 to 1959, because these nets are operated primarily for 
other fishes as indicated by their names. Among gill nets Menji jal comes 
first showing catch percentage on an average 15:0% followed by Sahal jal 
5:0% and Noli jal 5:0% of the total observed net fishing catch. The catch 
from Khepa jal constitutes 2-096 as this net is operated during restricted 
periods in a particular locality. 


Sizes in net fishing catch 
The catches in respect of size from various nets combined for the period of 
observation 1957 to 1959 were pooled and their percentages are shown in 
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Fic. 3. Percentage by weight of sahal caught in different nets during 1957-1959, 
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Table III. It is seen that the drag nets Patua jal and Khadi jal, having the 
smallest mesh, capture the small size-group in large numbers which is 
destructive to the fishery. Gill nets are selective in their catch, the medium 
size-groups dominating the catch of Menji jal, Sahal jal and Noli jal. Some 
drag nets like Bhida jal, Borogo jal and Hilsa jal also show medium-sized 
fishes dominating the catch. Bhekti jal having big mesh exclusively catches 
large and very large size-groups as also Khepa jal. 


TaBLe III 
Percentage of various size-group in total net fishing catch during 
1957-1959 
2 Ve 
Small Medium Large ieee 
Bhida jal 8:0 50-1 26-8 15-1 
Khadi jal .. 76-7 19-0 3-0 0-5 
Patua jal .. 65-2 29-1 5:5 0-2 
Borogo jal .. 51 92.3 2-6 — 
Hilsa jal — 39-4 60-6 — 
Bhekti jal .. — — 70-0 30-0 
Menjijal .. 39-7 52-2 TS 0-3 
Sahaljal .. — 100-0 — — 
Nolijal .. 434 54-7 1-9 -— 
Khepa jal .. — — 100-0 = 


Jano fishing 

The Jano fishing is practised in Chilka Lake during October to February. 
The catch of sahal constituted 0:4% in 1957-58 and 4:5% in 1958-59 of the 
total Jano catches of these years. The catches from Jano are dominated by 
medium-sized fishes (46:8%) followed by large-, very large- (43:0%) and small- 
sized (10-295) fishes. The small size-group is poor in Janos as by the time 
the same is installed, the year’s early-brood enters the medium size-group 
stage and the late-brood is very small having not yet left the spot of 
hatching. 


Trap fishing 

Thatta khanda, a type of screen trap used in northern sector during 
December to April, catches the species in considerable numbers. The same 
has been described by Mohapatra (1956). 
Fishing by hooks 


During the period January to September, sahal are caught by hook and 
line in the outer channel and the bait used are often live Therapon sp. During 
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August to October, they are caught. in the northern sector and central sector 
by hook and line. Hook and line always yields large or very large size indi- 
viduals of sahal. 


Fishing by spears 

Spear fishing, practised in northern sector during September to November, 
is done during dark nights. A burning kerosene lamp is so hung from the 
fore-deck of the boat that it remains just above the water-level. A man 
holding a spear stands at the end of the fore-deck while another noiselessly 
punts the boat from its rear end. The man at the fore-end spears the fish 
as it comes close to the boat. The spear has been described by Devasundaram 
(1951), The fishes caught by spearing invariably belong to large and very 
large size-groups. 


AGE AND GROWTH 


Age and growth were attempted to be studied by Petersen's Length 
Frequency Distribution method. The markings on the scales of this species 
are not clear and could not be relied upon for age determination. Fig. 4 
presents histograms depicting percentage frequency of different size-groups of 
sahal in monthly totals of random sample taken over the period December 
1956 to December 1960. The sahal in Chilka Lake breeds during January to 
July with two peak periods of breeding. Because of prolonged breeding the 
recruitment is practically continuous over a long period which makes the 
interpretation of modes difficult. However, it was found possible to interpret 
two major recruitments, one corresponding to the peak breeding in J anuary 
which is termed as the ‘early-brood’ and the other corresponding to the second 
peak breeding in June termed as ‘late-brood’. It was also possible to trace 
the growth of the two broods independently up to about two years of their 
lives. 
The total lengths of fish specimens recorded in the present investigation 
include the distance between the tip of the snout with mouth shut to the 
extreme posterior end of the upper caudal lobe. Since in the commercial 
catch due to gear selectivity fish fry are left unfished, the picture of growth 
has been attempted to be completed by incorporating collections of juveniles 
made with a fine meshed (6 meshes per linear om) ‘velon’ drag net and nets 
made of mosquito netting (about 5 meshes per linear em) throughout the year. 
The juveniles of sahal collected by these nets were measured and separate 
percentages of size-groups encountered marked as unfilled histograms along 
with those of corresponding months of commercial fishery. This data proved 
very helpful in tracing the early growth of sahal and also confirmed the breeding 
season. In the interpretation of growth presented in this paper the term 
0-year group is designated for the fish-of-the-year and thus during the first 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


NE ENO A s i c c mes t 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


CONTRIBUTION TO FISHERY AND BIOLOGY OF E. TETRADACTYLUM 43 


0o 750 150 300 450 600 150 300 450 60 60 900 80 300 450 6 3 3 
LENGTH br" AS ILLIMETRES LENOTH IN MILLIMETRES LENGTH IN MILLIMETRES š 


Fro. 4. Length frequency distribution of E. tetradactylum in various months during the period 
December 1956 to December 1960. 
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TABLE IV 
Approximate modal locations in size frequency distribution of E. tetradactylum from 
December 1956 to December 1960 | 
| 
EI EE EEE ee 
1956 1957 1958 1959 1960 


Months ee — p ám S EL AI 
Early Late Early Late Early Late Early .Late Early Late 
0-year group 
February Am — = - 1. 113 
March A: — = — — 138 — 113 — 88 — 
(88-138) 
April ees = me = 138 = 88 = 138 x 
May oo — — 138 — 163 = 113 — 113 — 
(138-188) 
June e — — 150 — 163 -— 163 63 138 38 
(113-188) 
July ^ — — 188 88 138 63 218 63 188 63 
(163-213) 
August tu — — 213 — 163 100 188 88 188 88 
: (88-113) 
j September ..  — z 188 = 213 138 268 138 238 113 | 
October s — -— 225 — 218 113 238 — 218 — | 
(188-263) | 
ES November .. — — 263 — 213 — 238 138 213 138 
ERE VM n December .. 238 — 238 138 263 163 288 — 238 163 
1-year group 
January  ..  — 2A cL = = 213 263 163 288 = 
February T — E — — — 213 — 188 288 — 
March eo — — — — . 263 ~ 313 213 288 — 
re (263-313) 
" April de — — 288 188 — = 338 238 — 263 
May en — — = — 313 — — — 313 — 
June Ta — — — — — 263 313 — 325 — 
(313-338) 
July 5 = — E 263 338 — — — — = 
August x. — — — -— — 288 = — — — 
December  .. — 338 — — 438 ` 363 438 — 463 338 | 
2-year group l 
January ..  — = 2 2 = = = = 8 = i 
"n : (413-463) 
T Febra,  .. — E E -—- = — 403 388 = -= 
(438-488) 
-— — -= — — 363 463 388 488 — 
(438—488) 
-— — — E — — — — 463 — 
= — — =- — 450 — -- — — 
; (413-488) 
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Taste IV—(concld.) 


1956 1957 1958 1959 1960 
Months i A 5 2 re pene Ne 
Early Late Early Late Early Late Early Late Early Late 
3-year group 
January ie : EE X T T 515 a 
(563-588) 

February Se = = = = — — 588 = 588 — 
March dA s — — — — — 588 — 588 - 
April E -— 538 ` 


calendar year of its life the individual is a member of the 0-year group, during 
the second calendar year it is a member of the l-year group and so on. The 
fish hatched in the same year belong to the same year class regardless of 
their age in months at the time of capture. Table IV shows the approximate 
modal locations of the monthly size frequency data. 


Analysis of 1956 data 


Data for only December are available during the year. "Though the sample 
is rather small it has been considered sufficient to give a reliable picture of the 
size distribution. The three modes at 238, 338 and 513 mm classes have been 
interpreted as representing the early-brood of 1956, the late-brood of 1955 
and late-brood of 1954 respectively. 


Analysis of 1957 data 


As seen from Table IV the year's early-brood, which form a mode at 
113 mm in April, progresses to 238 mm by December. Similarly the year's 
late-brood which appears only in December at 138 mm can be traced back to the 
mode among juveniles at 88 mm in July. The l-year early-brood is re- 
presented by a single mode at 288 mm in April, whereas modes at 188 mm in 
April and 263 mm in July are attributed to l-year late-brood. In all, 5,588 
sahal were measured during the year. The total absence of several year 
classes from the histogram of each month is attributed to the overlapping of 
modes and errors of random sampling. 


Analysis of 1958 data 


8,200 specimens were measured in 1958. The recruitment of new indi- 
viduals into the fishery occurred as early as February as seen from the 
mode at 113 mm. ‘The growth of 0-year group up to December for early- and 
late-brood is 263 mm and 163 mm respectively against 238 mm and 138 mm 
in 1957 which is probably due to early spawning during the year. The modes 
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at 438 mm and 363 mm in December are growth of l-year early- and late- 
brood respectively. The 2-year early-brood (1956 early-brood) does not 
appear in any of the months but the 2-year late-brood appears to be 
represented through the peaks at 363 mm in March and 450 mm in August. 


Analysis of 1959 data 


The mode at 288 mm in December which is the growth of the early-brood 
for the year is comparatively higher than other years. The year’s late-brood 
is seen in peaks at 138 mm in September and November. The l-year early- 
brood (early-brood of 1958) progressed to the peak at 438 mm in December 
and the l-year late-brood (late-brood of 1958) is seen at 238 mm in April. 
The faint peak at 588 mm in December is attributed to 2-year early-brood 
and the peak at 513 mm in December belongs to 2-year late-brood. The 
Isolated peaks at 588 mm in February and March are interpreted to belong to 
3-year early-brood. In all, 21,925 specimens were measured during the year. 


Analysis of 1960 data 


| In all, 12,844 specimens were measured from the commercial catches. 
J As seen from Table IV the modes at 238 mm and 163 mm in December are 
interpreted as 0-year early-brood and late-brood respectively. The 1-year 

early-brood and late-brood progressed to 463 mm and 338 mm respectively 

by December. The modes at 438 mm in January, 488 mm in March and at 

463 mm in April are interpreted to be formed by 2-year early-brood, whereas 

there does not appear to be any mode corresponding to 2-year late-brood in 

the year. The feeble modes at 575 mm in January, 588 mm in February and 
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Fia. 6. Annual growth curve of sahal from the monthly size frequency data plotting 


the modal locations of various years separately. 
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March were taken to be those of 3-year early-brood and the suggestion of an 
isolated mode at 538 mm in April is believed to be formed by 3-year late- 
brood. 

In Fig. 5, which depicts monthly modal locations, it is clearly seen that 
the pattern of annual growth is essentially similar in all years (i.e. 1956-1960) 
under consideration. Fig. 6 presents a plot of modal locations observed at 
different months in different years together with the growth curve drawn by 
passing through the middle of the plotted points. 

With a view to drawing a clearer picture of average growth than obtain- 
able by methods described above, the data for corresponding months during 
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Fra. 6. Growth curve of sahal interpreted by plotting the modal locations of 
different years together. 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


a 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


48 S. PATNAIK 


the three-year period April 1957 to March 1960 were pooled and percentages of 
size frequencies were plotted in histograms as.seen in Fig. 7. Although 
year-to-year variations in growth are ignored by this method, a general picture 
of growth is obtained. Unbroken lines passing through modes in Fig. 7 
represent the progression of modes for the early-brood fishes for the first two 
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Fig. 7. Lengih frequency curve of sahal pooled separately from the main Lake and outer 
channel for corresponding months. 


years, with the broken lines representing the same in respect of the late-brood 
fishes. From the positions of modes in Fig. 7 a growth curve was drawn which 
gives an idea of the generalized picture of growth of sahal as in Fig. 8. 

The length frequency data collected from the outer channel were dealt 
separately as in Fig. 7. The peaks at 163 mm in May, at 188 mm in June, at 
263 mm in August, at 213 mm in October, at 288 mm in November and 
December are those of the year’s early-brood. The only mode at 113 mm in 
September is attributed to the year’s late-brood. Modes at 288 mm in January, 
at 263 mm in February, at 288 mm in March, at 313 mm in April, at 338 mm 
in June, at 363 mm in July and at 438 mm in August are attributed to 1-year 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


PIC E M 


D — —À — 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


7 


CONTRIBUTION TO FISHERY AND BIOLOGY OF E. TETRADACTYLUM 49 


early-brood. The modes at 463 mm in March, 338 mm in January and 563 
mm in June are caused by 2-year early, 2-year late and 3-year late-brood 
respectively. 
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Fic. 8. Growth curve of sahal as interpreted from the length frequency data pooled. 


It is thus seen that analysis of size frequency data of E. tetradactylum 
furnishes an idea about its early growth and year class composition in its 
| fishery. The growth increment in first two years of its life and the growth 

rate in mm per month are shown in Table V. It is seen in Table V that the 
growth is very rapid during the first year and declines gradually with the 
advancement of age. 


| TaBLe V 
Growth increments and growth rate of E. tetradactylum in length 
i 
NUN NR ES Eee 
| Growth Growth Percentage Growth Growth Percentage 
increment rato per: of total increment rate per of total 
Year group of early- month of growthin ^ oflate- month of growth in 
i brood in early-brood early-brood brood in late-brood late-brood 
| mm. in mm. ; mm. 7 
0-year 263 20:3 29:2 170 24:3 19-9 
| l-year 438 14-6 19 350 15-0 20-0 
| 2-year 575 11-4 15:2 513 13:6 18-0 
aaa ——————— 


| In tracing the progress of modes from month to month it is seen that in 

; some cases the position of modes does not change for two to three months, the 

probable reason being prolonged breeding and resultant continued recruitment 
4 
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| combined with errors of random sampling. Similarly, downward movement of 
| modes in some months is also because of fresh recruitment. From the growth 
curve it is interpreted that sahal of the early-brood grows to about 300 mm 
in its first year, to about 475 mm in its second year and to about 600 mm in 
the third year of its life. The fish of the late-brood grow to about 260 mm, 
430 mm and 570 mm at the same ages. 
T'agging 
During October to December 1959 a total of 544 WH. tetradactylum of 
0-year group taken from Janos was tagged in the Lake. 7:9% of the tagged 
fish were recovered up to February 1960, there being no recovery subsequently. 
As seen from Table VI about 79% recovered sahal were taken 
within 30 days of release and the rest within 68 days. In view of paucity 
of recoveries the available data on tagging do not furnish information about 
the growth rate. However, in the case of one tagged specimen (349 mm), 


TABLE VI A 
Data on tagging of sahal done in Chilka Lake 


Number tagged 


E ee Recoveries in Recoveries in Recoveries in Recoveries in 
p : 3 November 1959 December 1959 January 1960 February 1960 
months of 1959 
October—199 4 "— = ct 
November—260 7 5 3 — 
December—85 — 18 5 4 


which stayed for 68 days in water, growth rate was found to be 23.8 mm 
per month which agrees with the growth curve of fishes at corresponding 
stages of life. Out of the 43 recorded returns, 29 were females, 8 males and in 
Six cases sex could not be known as only tags were returned. From among the 
recovered tagged fish five typical instances were graphically shown in Fig. 1 
by means of arrows. There appears to be no correlation between distance 
travelled and time out. It is also clear that their movements are fast and 
irregular which indicate that these fishes are able to diffuse into the Lake very 
: quickly. The details of fish tagged and recovered are separately given by 
5 Jhingran and Mishra (1962). 
Lrnera-Werieut RELATIONSHIP 
The curve described by the formula W = CL" (where W = weight in 
grammes, L — total length in millimetres and C and n are constants) was 
fitted to the lengths and weights of 1,593 specimens of sahal between the size- 
range 20 and 840 mm in total length collected during the course of work dis- 
regarding sex, maturity, season and year of capture. The resultant equation is 
W = 1-5798 x 10-67301056 


aa ee 
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The coefficient of correlation between the log length and log weight was 
found to be 0-983. 

In the same way the length-weight relationship of 275 males ranging 
between the total lengths 140 and 691 mm and 502 females between the size- 
range 125 and 840 mm obtained during the course of study was also calculated 
separately. The resultant equations are as follows: 

Males W = 1:7757 x 10-°L2-99125 
Females W = 1-1288 x 10757290725 

Curves representing general length-weight relationship of sahal as well as 

separate of sexes are shown in Fig. 9. 


Foop anp FEEDING 

The stomach contents of 804 sahal ranging in size from 16 to 840 mm were 
examined during the course of this study. Pearse’s method of eye estimation 
(Pearse 1915) was followed for quantitative study of various food items 
encountered. To know the differences in food of various size groups of sahal, 
the fishes were divided arbitrarily into three groups: group I ranging in total 
length between 16 and 100 mm, group II ranging between 101 and 300 mm 
and group III 301 mm and above. The various food items in order of their 
abundance in the above-stated three groups are given in Table VII. 

Stomach contents of 174 specimens of the I-group show that they mainly 
feed on mysids (69:695) followed by amphipods (10-8%) and Copepods (5:095), 
all of which are especially abundant in the northern sector of Chilka Lake at 
the time when sahal of 0-group originates and grows up there. The food 
preference of II-group of sahal as revealed by examination of 278 specimens 
undergoes a change. Prawns (43-296) formed the dominant item of this 
group followed by mysids (19:695) and other fishes (18:595). 

Stomach contents of 352 specimens of the III-group revealed that, while 
prawns (55-895) continue to remain the dominant item of food, forage fishes 
(33:894) form the second most dominant item of diet, these two together account 
for 90% of food. 8-194 of the I-group, 27:0% of the II-group and 38:6% 
of the III-group showed empty stomachs. The high percentage of empty 
stomachs of the II and III-groups is believed to be caused by disgorgement 
of food during capture. No observations were, however, made to confirm 
this. Cannibalism was observed only in one single case of the II-group. 

The foregoing observations confirmed the view of previous workers that 
E. tetradactylum is a voracious carnivore. Its main food items, namely mysids, 
prawns and forage fishes, are very abundant in the Lake which makes Chilka 
an especially suitable habitat for sahal to live in. Malhotra (1953) has given 
in detail the food and feeding habits of this species. The general observations 
made here show the same trend, though the items of food differ from locality to 
locality. 
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Fic. 9. Length-weight relationship of sahal general, for males and for females. 


SEXUAL MATURITY 

the period April 1957 to May 1960, 590 specimens of sahal were 
maturity study. Sexes, in this species, cannot be distinguished 
internal examination sexes are recognizable in specimens 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


CONTRIBUTION TO FISHERY AND BIOLOGY OF E. TETRADACTYLUM 53 


TABLE VII 


Food items encountered in the stomach of various size-groups of E. tetradactylum 


Percentage by 
Food composition volume of Details of various items 
organisms 


Group I—(total lengths 16-100 mm) 


Fishes 0:8 Small Gobids, Barbus ticto, Aplocheilus panchax 
Prawns 2-7 Post-larvae of Penaeus semisulcatus and P. indicus 
Mysids 69-6 Macropsis orientalis, Rhopalophthalmus sp. 
Amphipods 10:8 Quadrivisio, Paracalliope 

Isopods 3:77 Calathura sp. 

Copepods 5:0 Pseudodiaptomus sp. Acartiella, Cyclops 

Cumacoa 1-9 Iphinoe sp. 

Crustacean romains 1:9 Some appendages, body shells 

Miscollaneous items 3-7 Fish scales and algae (Lyngbya) 


Group II—(total lengths 101-300 mm) 


Fishes 18-5 Barbus sp. Anchoviella tri, Thrissocles sp. Glossogobius 
giuris 

Prawns 43-2 P. indicus, M. monoceros and M. dobsoni 

Amphipods 2-5 Perioculodes sp. 

Isopods 3-0 Synidotea sp. 

Stomatopods 2-5 Squilla sp. 

Mysids 19:6 Macropsis orientalis, Rhopalophthalmus 

Crustacean remains 5-8 Appendages and other body parts 

Weeds 2:3 Potamogeton and Gracilaria 

Miscellaneous items 2-7 Gastropods, unidentifiable matter 


Group TII—(total lengths 301 mm and above) 


Fishes 33-8 Therapon puta, Barbus ticto, Mystus gulio 
Thrissocles sp., Tylosurus strogylurus 

Prawns 55:8 M. dobsoni, M. monoceros, P. indicus 

Isopods 1:2 Cymothoa sp. 

Stomatopods 3:3 Squilla sp. 

Weeds 3:4 Gracilaria, Potamogeton, Halophila 

Miscellaneous items 2-4 Fish scales and unidentified matter 


Maturity of females was studied by assigning stages I to VII to sahal 
specimens of different maturities on the basis of macro- and micro-gonadial 
characters which are detailed. in Table VIII. The frequency of occurrence of 
specimens of sahal pertaining to the above-stated seven stages of maturity 
encountered in the Lake by combining the data of corresponding months of 
various years under study is shown in Fig. 10. It is seen in this figure that 
stages T and IT, which comprise immature stages, appear throughout the year. 
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Taste VIII 


Stages of maturity of female E. tetradactylum 
ee IEEE 


State of Maturity 


i ters 
maturity stage General charac 


Immature I Stage Ovary is thin, whitish, occupying about one-third of the body cavity. 
Ova are transparent, irregular outline, with large nuclei not visible 
to naked eye. Average ova diameter 0:08 mm. Include majority. 
of virgin fishes. 


II Stage Ovary pinkish because of spent recovering form, occupies half of tho 
body cavity. Yolk formation has already started in some ova. 
Average diameter of ova 0:24 mm. 


Maturing III Stage Ovary pinkish in colour, looks thicker, occupies little more than half 
of body cavity. Yolk formation progressive in majority of ova. 
Some ova are spherical, average ova diameter 0:38 mm. 


IV Stago Ovary yellowish in colour, occupies one-third length of*body cavity. 
Granular appearance, ova opaque, hold firmly to interstitial tissues, 
average diameter of ova 0:51 mm. 


Mature ' V Stage Ovary is yellow in colour, occupies almost the body cavity, dis- 
tinctly granular in appearance, ova are opaque spherical but 
remain within the follicle. Average diameter 0:62 mm. 


VI Stage Ovary yellow in colour, extends over the entire body cavity, ova are 
clearly seen through the wall of ovary. Ova transparent with 
a clear oil globule. They are fully or partially free. Ooze out 
with little pressure to the abdomen. Average diameter 0-76 mm. 


Spent VII Stage Shrunken ovary blood-red in appearance, occupies half the body 
cavity. Ovaries appear flacid and have many empty follicles from 
which ripe ova were shed. 


Stages III and IV which include maturing forms appear in the samples during 
November to June. Stage V appears during December to July and stage 
VI during January to July. Spent fishes start appearing from March and 
gradually increase till August. Thus the occurrence of spent fishes along 
with mature forms confirm a prolonged breeding period of the fish. Gonadial 
development of sahal indicates that the spawning season of sahal in Chilka 
Lake-runs from January to July. Two instances of hermaphroditism were 
recorded in the collections (Patnaik 1967). 


Ova diameter study 


For this study an examination of gonads of specimens belonging to 
penultimate stages of maturation ranging in total length from 613 to 635 mm 
were taken during the months January and May. The gonads examined in 
January showed two clear modes (excluding the immature ones which are 
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not taken into consideration), one representing larger ova falling around the 
size-range 0:62 to 0-85 mm and the other representing smaller ova around 0-14 


40 


30 


ES 


PERCENTAG 


34567 1234567 1234567 
MATURITY STAGES 
Fia. 10. The percentage frequency of different 
stages of maturity of sahal in difforent months 
as combined for 1957-60. 

to 0-26 mm. Both the peaks are marked as a and b respectively in Fig. ll. 
'The ova causing the mode at 0 show commencement of yolk deposition, "while 
those causing the mode at a were in the advanced stage of maturation, 
the eggs already tending to become transparent and ready for being laid. The 
gonads examined in May reflect the same trend revealing two modes in almost 
identical states of maturation. The above studies leave little doubt that the 
same fish spawns twice in a year with the peak period of one around January 
and of the other around June with the time range of the former from December 
to February and the latter from May to July. This also conforms a similar ob- 
servation of bi-modal frequency polygon of ova diameter observed for Æ. 
tetradactylum of Bombay waters by Karandikar and Palekar (1950). 

Further examination of the ova diameter size frequenoy polygon reveals 
that in between the two distinot peaks there are also eggs of intermediate 
stage of development indicating thereby that the breeding itself could be 
taken as a prolonged one between January and July with distinet peaks in 
January and June. If, however, there were no intervening stages it would 
have led to the interpretation that the breeding may be discontinuous. The 
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above interpretation is in full accord with the occurrence of mature gonads 
throughout the season with two peaks, as mentioned earlier, this being also in 
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Fig. 11. Frequency polygons of ova diameter of sahal. 


conformity with gonadosomatic index, vide Fig. 12, which shows a fairly high 
index value in between December and July with slight variation with a peak 
around January and May each. The gonadosomatic indices for males also 
show the same trend as in the case of females. The above feature of maturity 
and breeding is also corroborated by studies carried out on size-frequency- 
distribution of the catch which not only presents two clear-cut groups in any 
year but the progress of each can be traced to further years as well. That the 
breeding of sahal is a prolonged one is also confirmed by the occurrence of the 
post-larvae during the entire period. Similar observations on the occurrence 
of post-larvae of the species during February to July were also made in Hooghly 
Estuary (Ravish Chandra 1962) and Mahanadi Estuary (Shetty et al. 1965). 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


D 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


CONTRIBUTION TO FISHERY AND BIOLOGY OF E. TETRADACTYLUM 57 


Size and Age at First Maturity 

Because of the prolonged breeding season of this species, immature, 
mature as well as spent specimens appear simultaneously in the catches over 
considerable time which make it difficult to find out the average size at 
maturity. However, in the present work the specimens collected during 
December to July were taken into account in the belief that even the late 
spawners could attain maturity during these months. Attainment of stage 
III and above was taken symptomatic of potential spawners. In this manner, 
the percentage of mature fish against each size-group was plotted as in 
Fig. 13. A curve was fitted by inspection and the values falling on the curve 
taken as representatives. 


AVERAGE GONADOSOMATIC INDEX 


J F M A M J J A S [9] N D 


Fic. 12. Tho average gonadosomatic indices of sahal for females and males pooled for 
corresponding months during 1957-60. 


The smallest mature female observed was 285 mm and the male 225 mm 
long. From the curves it is seen that 100% attain maturity at 350 
mm among males and at 450 mm among females. The trend of the percentages 
of maturity with the increase of length differs sharply in the males and females 
as seen in Fig. 13. 

As can be seen from Fig. 13, 85% of the early-brood males will 
mature in time for early spawning but females of early-brood and both males 
and females of late-brood will not mature by then. Similarly, one-year-old 
early-brood fish will grow to about 350 mm and one-year late-brood fish to 
about 275 mm by second spawning in June. Thus, during late spawning 
taking place in June, all males of one-year early-brood, 60% females of 
one-year early-brood and 85% males of one-year late-brood will mature for 
the first time. The remaining 40% of females of one-year early-brood 
will mature for the first time during the II-year early-spawning when they 
are about 435 mm long. Similarly, 15% of males and 60% of females will 
mature for the first time during the II-year's early-spawning in January 
when they are about 370 mm long. 
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Size and Fecundity 


The fecundity of sahal was determined by estimating the total number of 
mature ova which are to be shed during spawning season. For this estima- 
tion, an average of three counts from a weighed portion of the ovary was utilized 
for calculation of the total number of ova in the whole ovary. Ova from 20 
ovaries between the size-range 347 and 840 mm were thus estimated and the 
fecundity was found to vary from 226,541 to 3,826,683. 


100 


PERCENTAGE 


LENGTH GROUPS 


Fig. 13. Minimum and average size at maturity of 
male and female sahal. 


The relationship between length and fecundity was expressed as P = 
. 2326000928 where J is the fecundity and L is the total length. The 
curve in Fig. 14 was drawn from the values calculated, from the formula and 
the dots are the actual values of fecundity obtained. 


Breeding and Migration 


There is considerable difference of opinion about the breeding of Chilka 
sahal. Chaudhuri (1917) remarks: ‘The species is a permanent resident 
probably breeding near the mouths .of rivers before the rains.’ But Jones 
and Sujansingani (1954) have stated: ‘The fish does not breed in the Lake and 
the juveniles and young stages seen in the Lake are immigrants from the sea.’ 
Devasundaram (1954) has supported the idea of its breeding in the Lake from 
the observation of small fry during the rainy months. The present author, 
during the course of study, observed that during December to July medium- 
and large-sized fishes in mature condition are caught in large numbers from 
the northern section of the Lake, whereas the sahal fishery in other sectors is 
poor at this period. This period being the spawning season of the fish breeders 
are expected to congregate at the breeding ground. Observation on net 
fishing operations shows that the Patua jal catches juveniles of sahal (16-40 mm) 
in very large numbers from the northern section during April to August. 
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Oozing specimens of both sexes have been observed in the catches from north- 
ern section during January to July. Tow net hauls made in the northern 
sector about 8 km away from the shore during February to July of 1959 and 
1960 have yielded post-larvae of sahal (6-25 mm) in very large numbers, 
whereas the tow net hauls from other parts of the Lake and outer channel 
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Fra. 14. Relationship between total length and fecundity 
of sahal. 


during the:same period do not show any. Year-round observations made in 
the outer channel during 1958-60 have never shown in large numbers either 
brood fishes ór the juveniles as seen in the case of other sea-breeding fishes 
like the mullets. From all these observations it was concluded that Eleu- 
theronema tetradactylum of Chilka Lake breeds in the northern sector of the 
Lake during January to July. : 


Ovarian Parasite 
During the course of study it was observed that in several cases the ovary 
was infested. by some nematode parasite. The nematode worm was not 
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identified. Specimens ranging in size'361-670 mm collected during November 
to June have been observed to have parasites in the ovaries. At times one 
lobe of the ovary is infected. The exact damage is not known. However, it 
was observed that the infected ovary does not show development of ova to the 
same extent as the uninfected ovary. 


-GENERAL CONSIDERATIONS 


There is a belief among fishermen that the sahal fishery of the Chilka 
Lake is getting depleted. It may be observed in this context that the average 
length of fish in a whole year available to the commercial gear does give an 
idea about the extent of exploitation of a fishery more especially of the various 
size-groups of the species. Maximum recorded length of E. tetradactylum in 
the world is 2,000 mm (Weber and De Beaufort 1922). The maximum length 
of sahal encountered in Chilka is 1,000 mm. The average lengths of sahal in 
commercial catches of Chilka Lake have been found to be 192, 199, 230 and 
250 mm during the years 1957, 1958, 1959 and 1960 respectively, which 

‘invariably fall within the growth limit of 0-year group. This tends to show 
the over-exploited state of sahal fishery in the Chilka Lake. The age composi- 
tion of the commercial catch shows that the 0-year groups are dominant in 
the catch constituting 91:495, 85:2%, 76:495 and 67:7% during the years 
1957, 1958, 1959 and 1960 respectively. Although the 0-year groups are caught 
in very large numbers, they really contribute very little by weight. Sub- 
sequent year groups though less in number actually contribute more to the 
weight of fish flesh. 

The following conservancy methods, if followed, will, it is hoped, improve 
the fishery of sahal in the Lake: (1) To check indiscriminate fishing of the 
juveniles and the breeders of sahal, i& would be desirable to ban the operation 
of Patua jal during the period March to July in the northern sector of the 
Lake and (2) to get the maximum fish flesh out of the catch, it is necessary to 
prescribe a legal size limit of about 260 mm by which time the growth rate is 
very rapid. 
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DESCRIPTION OF A NEW SPECIES OF PHORTICELLA 
ZAPRIONUS (DROSOPHILIDAE) FROM INDIA 
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Banaras Hindu University, Varanasi 


(Communicated by S. P. Ray-Chaudhuri, F.N.I.) 


(Received. 6 September 1968; after revision 1 7 July 1969) 


This paper describes a new species of the subgenus Phorticella of Zaprionus. 
Two species of Leucophenga and one species of Cacoxenus are also recorded 
here for the first time from India. Additional taxonomic details for one 
species of Scaptomyza are also recorded. 


INTRODUCTION 


The records of Drosophilid fauna exclusive of the genus Drosopaila from 
our country have been poor, involving only three species, Gitonides perspicax, 
Scaptomyza pallida and Scaptomyza graminum. The first named species was 
recorded by Malloch (1924) from Coimbatore and the other two by Parshad and 
Duggal (1965) from Kashmir. 

The present account is a report of a new species of Phorticella and new 
records of two species of Leucophenga and one of Cacoxenus, along with 
additional details of an already known species of Scaptomyza. 


Scaptomyza (Scaptomyza) pallida (Zetterstedt), 1847 
Drosophila pallida Zetterstedt, 1847. Dipt. Scandinaviae, 6, 2571 (type in Stockholm). 


External characters of imago 


Male: Front including ocellar triangle dark brown, anteriorly yellowish-brown; 
front over about j as broad as width of head. Anterior reclinate orbital about 
4 the other two, just inserted outside and closer to proclinate. The distance 
from anterior dorsocentral to posterior dorsocentral about 0:77 the distance 
between two anterior dorsocentrals. QC-index about 3:14, 4V-index about 1-7, 
4C-index about 0-76, 5X-index about 1:35. Other details as described by 
Wheeler and Takada (1964). 

Periphallic organs (Fig. 1A): Genital arch brownish-yellow, with about 
2 bristles at toe, posterior margin pubescent, with one bristle and a long process 
below; under-margin concave. Anal plate pubescent, bent at middle, the 
upper portion normal with about 20 bristles; lower portion in the form of 
secondary clasper, bent, protruded, bearing 3 teeth at tip, middle one 
largest, upper portion with two large and one small bristle; lower portion with 
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about 4-5 hairs. Clasper long and arched, bow-shaped, with a row of about 
25 long bristle-like teeth along the lower margin of clasper, and also with a. 
group of long bristles at the tip of clasper, 4-5 of them pointed upward. 
Phallic organs (Fig. 1B): Aedeagus pale yellow, compact, slightly swollen 
basally and apically bifid, connected with a transverse membrane, pubescent 
subapically. Anterior paramere small, dark brown, with about 3 apical 
sensilla. Posterior paramere large, dorsobasally dilated and apically with a 
peg-like structure. Novasternum with hemispherically curved lateral pro- 
cesses. Ventral phragma slightly longer than broad, anteriorly with lateral 
projections. ; 

Three male specimens from Naini Tal, Uttar Pradesh, were examined in 
July 1966. This species has a world-wide distribution. 


Zaprionus (Zaprionus) indiana sp. nov. 
External characters of imago 


Male: Arista with about 3-4 dorsal and 2 ventral branches in addition to the 
terminal fork. Antennae pale yellow; 3rd segment grey. Front including 
ocellar triangle reddish-yellow, orbits with black lining along eye margin; 
front over about } as broad as width of head. Proclinate orbital approximately 
of the same length as the posterior reclinate, anterior reclinate orbital about $ 
the proclinate, situated at equidistance and on the line between these 2 bristles. 
Carina pale yellow, slightly broad and exceedingly swollen. Face and cheek 
pale yellow, the greatest width of cheek from the base of oral to eye border 
about 4 the greatest diameter of eye. Clypeus slightly reddish-yellow. 
One strong vibrissa, second oral not differentiated. Palpi yellow, with one 
large apical bristle and several other prominent setae. 

Acrostichal hairs regular, in 6 rows, prescutellars well differentiated. 
Anterior scutellars divergent. The distance from anterior dorsocentral to 
posterior dorsocentral about + the distance between 2 anterior dorsocentrals. 
Mesonotum and scutellum unicolorous, pale yellow, with 2 white parallel 
lines demarcated by black border lines on dorsocentral lines extending up to 
the end of scutellum, mesonotum with one more pair of similar lines arranged 
laterally (Fig. 1C). Humerals two, unequal. Thoracic pleura slightly dark. 
Sterno-index about 0:5. Legs yellow, pre-apicals on all 3 tibiae; apicals 
on Ist and 2nd tibiae. Metatarsal joint of male prothoracic leg (Fig. 
1D) with about 5 oblique rows having 6-9 yellow bristles on its proximal 
end while its distal end with a tuft of heavy hairs. Forefemur without fresh- 


ing tubercle, conforms the subgeneric character. 


Wings clear (Fig. 1E). C-index about 2:6, 4V-index about 1:3, 4C-index 
about 0:84, 5X-index about 1-15. One bristle at the apex of the Ist costal. 
section; heavy bristles on basal about $ the 3rd costal section. Halteres 
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light yellow. Abdomen uniformly yellow, each tergite with fine narrow, 
uninterrupted light band on caudal margin, posterior bristles of tergites large 
and prominent. Length of the body: 2:6 mm, wing: 2-34 mm. 

Pervphallic organs (Fig. 1 F): Genital arch pale yellow; broad, partly pubes- 
cent; posterior margin with about 4 bristles on the upper portion; anterior 
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margin strongly convex; heel observable, being on obtuse angle; toe roundish, | 
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Fig. 1. A and B, Scaptomyza pallida, A, periphallic organs (left half); B, phallio or; | 

j NS. 2 R gans. 

C-G, Zaprionus indiana. C, male thorax (dorsal view); D, malo jose Wee E, wing 
(male); F, periphallic organs (left half); G, phallio organs. 
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low and with about one bristle. Anal plate pubescent, broad below, fused at 
lower 4 with genital arch, with about 34 large bristles. Clasper one, with 
about 5-6 bristle-like teeth arranged in a straight row, and also with about 
8 large teeth on lower margin. 

Phallic organs (Fig. 1G): Aedeagus pale yellow, large and finely serrated 
anteriorly. Anterior parameres obscure, probably confluent with nova- 
sternum, and without sensilla. Posterior parameres seem to be absent. 
Ventral phragma slightly longer than broad. 

Holotype d, Allahpur, Badaun District of U.P., Coll Gupta, August 
1966. Mounted on slides and deposited at the Department of Zoology, 
Banaras Hindu University, Varanasi. Paratype 1 gd, in the collection of 
Prof. T. Okada, Tokyo Metropolitan University, Tokyo, Japan. 

It resembles Z. (P.) bakeri Sturtevant from the Philippines, but is distin- 
guished by the larger anterior reclinate orbital (1 proclinate in bakeri). 


Leucophenga (Leucophenga) albicinota de Meijere, 1908 
Leucophenge albicinota de Meijere, 1908. Tijd. Ent., 15, 156. 
External characters of imagines 
Male and female: Arista with about 5-6 dorsal and 3 ventral branches in addi- 
tion to the terminal fork. Antennae yellow; 3rd segment yellowish-white. 
Front yellowish-brown, ocellar triangle dark brown. Anterior reclinate orbital 
about % the proclinate, $ the posterior reclinate; inserted just outside 
the proclinate. Carina yellow, very low. Only one large oral bristle and 
several other small bristles. Palpi yellow, with several prominent setae. Face 
and cheek pale yellow, the greatest width of cheek from the base of oral to 
eye border about yy the greatest diameter of eye. Eyes bright red. 

Acrostichal hairs slightly irregular, in about 10-12 rows, prescutellars well 
differentiated. Anterior scutellars divergent, posterior scutellars arising from 
white spots. The distance from anterior dorsocentral to posterior dorso- 
central about 4 the distance between two anterior dorsocentrals. Meso- 
notum yellowish-brown, scutellum slightly darker with pale apex. Thoracic 
pleura pale yellow, with a narrow dark longitudinal stripe below wing. Sterno- 
index about 0:76. Legs yellowish-white, knee joint of hind leg black, pre- 
apicals on aH 3 tibiae; apicals on Ist and 2nd tibiae. 

Wings clear (Fig. 2A). C-index about 2-2 to 2-55, 4V-index about 2:0, 
4C-index about 1-12, 5X-index about 1-27. One stout bristle at the apex of 
ist costal section; heavy bristles on basal about § the 3rd costal section. 
Halteres white, lower surface of knob dark brown. 

Abdomen in male whitish-yellow, 3rd tergite and anterior part of ad- 
joining tergite completely milky white and bare; 4th and 5th tergite bands 
with lateral, sublateral and median projections reaching anterior margin. 
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Abdomen in female (Fig. 2 B) light yellow, Ist tergite yellow; 2nd tergite 
with only lateral dark brown spots; 3rd, 4th, 5th and 6th tergite bands with 
lateral, sublateral and median forward projections, several rows of fine bristles 

3 on each tergite prominent. Length of male: 2-9 mm, wing: 2:5 mm; length 
of female: 2:86 mm, wing: 2:4 mm. 
Periphallic organs (Fig. 2): Genital arch broad, hairy, anterior margin 
strongly convex, with about 9 bristles running from the top of posterior 


_ Fis. 2, Leucophenga albicinola, A, wing (male); B, female abdomen (lateral view); C, 
Em organs (right half); D, phallic organs; E, dorsal lobes of anal plate; F, ventral lobes 
a ape cere H, proximal intestine; T, male reproductive organs; J, female 
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margin along that margin downward; heel observable. Anal plate oblong, 
separated from genital arch, and with about 15 bristles. Clasper one, oval 
^ and little longer than broad, surface covered with fine hairs and with about 
13-16 sparse bristles, no teeth. 

Phallic organs (Fig. 2D): Aedeagus pale yellow, slightly broadened sub- 
apically, narrowing apically with a swollen tip. Anterior parameres large, 
pointed, with about 6 sensilla. Posterior parameres elongate and fused with 
each other. Ventral phragma narrow. Novasternum large and in the form 
of a thin arch. 


do 


Female external genitalia 


Dorsal lobes of anal plate (Fig. 2 E) are broad, narrowing towards free 
end. Whole surface hairy, with a number of long and small setae. Ventral 
lobes of anal plate (Fig. 2 F) almost semi-lunar, whole surface setigerous with ` 
numerous setae. Egg-guides (Fig. 2G): Lobe yellow, hemispherical and with 
several long bristles, the whole surface setigerous. 


Internal structures of imagines 
Proximal intestine (Fig. 2H): = 2:0. Rectal papillae: R= 1-6. 
Malpighian tubules with their common stalks rather short. Testis (Fig. 21) 
milky-white, its terminal end broad and expanded with about 3 outer and 
l inner coils. Paragonia thin and small. Ventral receptacle slightly long and 
à with about one fold. Spermatheca elongate and with the stalks of moderate 
length. Parovaria hyaline and small (Fig. 2 J). 
Specimens examined: 7 gs and 5 99, Chandraprabha: Chakia forest, Varanasi 
i y district, Uttar Pradesh, December 1965 to February 1966; 2 gg and 2 ọọ, 
3 Sirsi, Mirzapur Disrict, Uttar Pradesh, September 1966. Distribution: 
Africa, Java, New Guinea and India. 


Leucophenga (Leucophenga) guttiventris de Meijere, 1911 


) Drosophila guttiventris de Meijere, 1911. Tijd. Ent., 54, 414; de Meijere, 1918. Tijd. Ent., 
| 60, 542. 


External characters of imagines 
i Male and female: Arista with about 4-5 dorsal and 2 ventral branches in 
addition to the terminal fork. Anterior reclinate orbital very small and thin, 
about the proclinate and about } the posterior reclinate. Acrostichal 
i hairs slightly irregular, in 8-10 rows, prescutellars well differentiated. An- 
terior scutellars divergent. The distance from anterior dorsocentral to pos- 


terior dorsocentral about + the distance between 2 anterior dorsocentrals. * 
Abdomen pale yellow, with black patches, two sublateral and two median 
on 2T; one median on 37'; two lateral and two sublateral on 47’; two lateral, 
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two sublateral and one median on 57; two large lateral on 67. Posterior 
bristles of tergites large and prominent. Other details as described and 
figured by Okada (1956). 
Specimens examined: 1 g and 2 99, Chandraprabha: Chakia forest, Varanasi 
distriet, Uttar Pradesh, October and November 1965. Distribution: Fiji, 
Japan, Formosa, Nepal, Java, Sumatra, French Indo-China, Africa and India. 
Very few specimens could be collected at Chandraprabha (Chakia forest). 
The present form differs somewhat from that of Okada's in abdominal orna- 
mentation as well as in-number of arista branches. 


Cacoxenus (Cacoxenus) punctatus Duda, 1924 


Cacoxenus punctatus Duda, 1924. Arch. Naturg., 90, A (3), 225. 

External characters of imagines 

Male and female: Arista pubescent. Antennae pale yellow; 3rd segment 
large and slightly brownish. Front whitish-brown, broad; front over % 
as broad as width of head. Ocellar triangle black. Carina whitish-yellow, 
narrow and flat below. Face and cheek whitish and the greatest width of 
cheek from the base of oral to eye border about } the greatest diameter 
of eye. Anterior reclinate orbital as long as posterior reclinate, proclinate 
orbital slightly larger than anterior reclinate. One stout oral bristle present. 
Eyes bright red, with one equatorial dark stripe. 

Acrostichal hairs irregular, in about 12 rows, prescutellars well differen- 
tiated. Anterior scutellars divergent, posterior scutellars cross each other, all 
these scutellars arising from dark spots. The distance from anterior dorso- 
central to posterior dorsocentral about } the distance between 2 anterior 
dorsocentrals. Mesonotum and scutellum yellowish-white, with scattered 
brown spots, covered ‘with dense silvery pollinosity. Pleura yellowish-white, 
with 3 narrow longitudinal stripes. Sterno-index about 0-8, middle 
sternopleural bristle not developed. Legs whitish, apicals and pre-apicals on 
all 3 tibiae. 

Wings hyaline (Fig. 3A). C-index about 2:59, 4V-index about 1-87, 
4C-index about 1-0, 5X-index about 0-89. One bristle at the apex of Ist 
costal section; heavy bristles on basal about $ of 3rd costal section. Halteres 
whitish. "Abdomen shining yellowish-white, abdominal tergites with dark 
brown, broad, medially interrupted bands; 2-5 tergite bands projected later- 
ally to reach anterior margin; 1—2 tergites yellowish at middle. 

Length of male: 3:23 mm, wing: 2-4 mm; length of female: 2-87 mm, 
wing: 2-3 mm. 

Periphallic organs (Fig. 3 B): Genital arch broad and roundish below, pubes- 
cent and hairy, with about 13-15 bristles running from the top of posterior 
margin along that margin downward; heel with a horn-like process; toe absent 
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and under-margin strongly convex. Anal plate oblong, pubescent and hairy, 
a little more setigerous at lower tip. Clasper almost triangular, free and with 
about 15-20 scattered black discal teeth, 3-4 long bristles along outer margin 
| and a number of recurreut bristles on under surface. Decasternum (Fig. 3 €): 
| Anteriorly forked, posterior margin with divergent lateral process. 

Phallic organs (Fig. 3 D): Aedeagus pale yellow, broad, stout and pointed at 
| tip. Anterior paramere long, narrowly pointed at tip and with about 7 


c organs (left half); C, decasternum; D, 7 4 


ring: iphalli 
Fre. 3. Cacoxenus punctatus. A, wing; B, perip PN. ENS mua ? 
phallic organs; E, dorsal lobe of anal plate; F, ventral lobe of anal plate; G, egg-guide; H, proxim a 


tas N + K, egg. 
intestino; I, male reproductive organs; J, female reproductive organs: K, egg H 
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subapical sensilla. Posterior paramere scems to be absent. Novasternum 
with highly elongated lateral process. Ventral phragma almost quadrate. 


à Female external genitalia 


The 2 dorsal lobes of the anal plate (Fig. 3 E) are slightly elongated and 
fused at the base by a distinct plate, hairy and with a few long bristles. 
The ventral lobes of the anal plate (Fig. 3 F) are almost oval, and setigerous. 
Egg-guides (Fig. 3 G) are pale yellow, slender, slightly broadened and hairy at 
distal end, with several long setae. 


Internal structures of imagines 

Proximal intestine (Fig. 3H): C= 2-5. Rectal papillae: R = 1-5. 
Malpighian tubules light yellow, their common stalks about js the total 
length. Testis (Fig. 31) orange-coloured, uncoiled and large, constricted 
proximally slightly far from the middle, thus forming two distinct asymmetrical 
lobes. Paragonia very large, confluent at base with each other. Ventral 
receptacle with about 4-5 loose coils. Spermatheca large and with long stalk 
(Fig. 3J). Eggs (Fig. 3K) with no filament. Specimens examined: 24 gg 
and 20 99, Chandraprabha: Chakia forest, Varanasi District, Uttar Pradesh, 
. August 1965 to December 1965. Distribution: Formosa and India. 
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